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This work is dedicated to children who are gifted and talented, their parents and
families, and their educators. May you live in a world where each child is challenged
each day, where there is joy in learning, and where people are celebrated for who they
are.

iv

Acknowledgements
Without the encouragement and unconditional support of the inaugural cohort of
WKU‟s Educational Leadership Doctoral program, I never would have finished this
dissertation or my degree. These 23 friends have challenged me intellectually, supported
me emotionally, and lifted me spiritually. A simple thank you cannot express the depth of
my gratitude or the joy I feel when I think of them. Out of this amazing group of people,
there are some who have been constants for me: Kelly Davis, Cindy Ehresman, Matt
Constant, Angie Gunter, Kevin Thomas, and Dan Costellow. God bless each of you!
Of course, I owe so much to my doctoral committee. Dr. Julia Link Roberts,
Dr. Janet Tassell, Dr. Steve Wininger, and Dr. Mary Evans have provided wisdom and
insight. They have gently guided me throughout this process. They have challenged me,
encouraged me, and strengthened me as a scholar and, more importantly, as a person. I
cannot imagine traveling this path without them. Each has played such a critical role.
I must also say a heartfelt thanks to the hundreds of children and dozens of
teachers and administrators who participated in Project GEMS. It has been an honor to
work with people who love children and are willing to dedicate their lives to them. You
are my champions. Thank you, too, Allison Bemiss and David Baxter, who, while
tirelessly giving their all to establish the GEMS Academy, would always find time for
me. Jillian Hendricks and Savannah Benningfield, graduate assistants for Project GEMS,
have diligently kept the grant – and me – organized.
Without my friends and family, this would not have been possible. My dearest
friends Mary Young, Gail Hiles, and Jana Kirchner have kept me sane these last few
years. Corey Alderdice and Lynette Baldwin have been constants for me. My wise sister,

v

Suzanne Cornett, has supported me my entire life, especially during this part of my
journey. My parents, Doris and Jim Ford, define unconditional love, generosity of spirit,
and selfless support; they are my heroes. My loving husband, John, has supported me
throughout – whether that‟s making dinner, rubbing my shoulders, or replacing the ink
cartridges in the computer. My sons, Jake and Zach, are the joys of my life, and they
have, uncomplainingly, practically given up their mother during this doctorate process. I
want to acknowledge each of them and thank them.

vi

Table of Contents
Acknowledgements ............................................................................................................. v
List of Figures .................................................................................................................... xi
List of Tables .................................................................................................................... xii
Abstract ............................................................................................................................ xiv
Chapter 1: Introduction ....................................................................................................... 1
Purpose of the Study ....................................................................................................... 3
Research Questions ......................................................................................................... 7
Significance of the Study ................................................................................................ 7
Definitions of Key Terms ................................................................................................ 8
Chapter 2: Literature Review ............................................................................................ 11
Theoretical Perspective ................................................................................................. 11
Roots of constructivism. ............................................................................................ 12
Basic tenets of constructivism. .................................................................................. 13
Constructivist learning activities. .............................................................................. 15
Science and Math Achievement .................................................................................... 16
National evidence. ..................................................................................................... 17
High achieving students. ....................................................................................... 19
Excellence gaps. .................................................................................................... 20
International evidence................................................................................................ 26

vii

Approach to education. ......................................................................................... 28
Gifted Education ........................................................................................................... 30
Achievement. ............................................................................................................. 32
Strategies for gifted populations. ............................................................................... 33
Strategy: Grouping. ....................................................................................................... 33
Target classes. ............................................................................................................ 36
Benefits. ................................................................................................................ 37
Limitations. ........................................................................................................... 37
Magnet programs. ...................................................................................................... 38
Importance of grouping for gifted populations.......................................................... 39
Strategy: Problem-based learning. ................................................................................ 40
Constructivist foundation. ......................................................................................... 41
Goals and characteristics. .......................................................................................... 42
Brief history of PBL. ................................................................................................. 43
PBL research: Postsecondary. ................................................................................... 45
PBL research: Favorable and unfavorable. ................................................................ 51
PBL literature review: Mathematics. ......................................................................... 54
PBL literature review: Science. ................................................................................. 56
PBL literature review: Gifted education in secondary classrooms. ........................... 60
PBL literature review: Gifted education in elementary schools. ............................... 61
viii

Conclusion..................................................................................................................... 64
Chapter 3: Methodology ................................................................................................... 65
Participants .................................................................................................................... 65
Identification process for Project GEMS................................................................... 66
ITBS. ..................................................................................................................... 68
CogAT................................................................................................................... 69
Teacher measures. ................................................................................................. 70
Project GEMS participants. ....................................................................................... 70
Measures........................................................................................................................ 71
TOMAGS. ................................................................................................................. 71
DCT. .......................................................................................................................... 73
Research Design ............................................................................................................ 74
Project GEMS. ........................................................................................................... 74
Current study. ............................................................................................................ 75
Procedures ..................................................................................................................... 76
Data Analysis ................................................................................................................ 80
Conclusion..................................................................................................................... 81
Chapter 4: Results ............................................................................................................. 82
Introduction ................................................................................................................... 82
Descriptive Statistics ..................................................................................................... 82
ix

Results Related to Research Question 1: Math Achievement ....................................... 83
Results Related to Research Question 2: Growth in Science Process Skills ................ 88
Conclusion..................................................................................................................... 97
Chapter 5: Discussion ....................................................................................................... 99
Discussion of Findings .................................................................................................. 99
Math achievement...................................................................................................... 99
Comparison to similar study. .............................................................................. 101
Science process skills growth. ................................................................................. 102
Comparison to similar studies. ............................................................................ 104
Implications ................................................................................................................. 107
Grouping. ................................................................................................................. 107
PBL. ......................................................................................................................... 108
SES: Grouping and PBL. ......................................................................................... 109
Project GEMS. ......................................................................................................... 110
Acknowledgement of Limitations ............................................................................... 110
Recommendations for Future Research ...................................................................... 112
Conclusion................................................................................................................... 116
References ....................................................................................................................... 118
Appendix A. Institutional Review Board Approval and Forms ..................................... 138
Appendix B. Fidelity of Treatment Forms ...................................................................... 146
x

List of Figures
Figure 1. NAEP percentage advanced math grade 4 – race . . . . . . . . . . . . . . . . . . . . . . 21
Figure 2. NAEP percentage advanced math grade 8 – race . . . . . . . . . . . . . . . . . . . . . . 22
Figure 3. NAEP percentage advanced math grade 4 – SES . . . . . . . . . . . . . . . . . . . . . . 23
Figure 4. NAEP percentage advanced math grade 8 – SES . . . . . . . . . . . . . . . . . . . . . . 24
Figure 5. NAEP percentage advanced math grade 4 – ELL . . . . . . . . . . . . . . . . . . . . . . 25
Figure 6. NAEP percentage advanced math grade 8 – ELL . . . . . . . . . . . . . . . . . . . . . . 26
Figure 7. Math growth and SES demographic. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87
Figure 8. Science growth and SES demographic. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92

xi

List of Tables
Table 1. 2007-2008 Percentage Demographics of Participating Project GEMS
Schools . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67
Table 2. Science PBL Units Taught . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77
Table 3. Math PBL Units Taught . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78
Table 4. Professional Development Hours for School Personnel . . . . . . . . . . . . . . . . . 79
Table 5. Averaged Demographic Percentages for Project GEMS Participants . . . . . . . 83
Table 6. Descriptive Statistics of TOMAGS for Years of Implementation . . . . . . . . . . 85
Table 7. Descriptive Statistics of TOMAGS by Treatment Group and SES for Years of
Implementation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86
Table 8. ANOVA Results for Math Growth for Years of Implementation, Treatment
Group, and SES. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87
Table 9. Post Hoc Comparisons of Math Growth for Years of Implementation . . . . . . 88
Table 10. Post Hoc Comparisons of Math Growth for Treatment Group . . . . . . . . . . . 89
Table 11. Descriptive Statistics of DCT for Years of Implementation . . . . . . . . . . . . . 90
Table 12. Descriptive Statistics of DCT by Treatment Group and SES for Years of
Implementation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91
Table 13. ANOVA Results for Science Process Growth for Years of Implementation,
Treatment Group, and SES. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92
Table 14. Post Hoc Comparisons of Science Process Growth for Years of
Implementation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93
Table 15. Post Hoc Comparisons of Treatment Group for Years of
Implementation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 94

xii

Table 16. Post Hoc Comparisons of Treatment Group for Years of Implementation for
High SES Students . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95
Table 17. Post Hoc Comparisons of Treatment Group for Years of Implementation for
Low SES Students . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96
Table 18. Post Hoc Comparisons of Science Process Growth Between Treatment
Groups . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97

xiii

THE EFFECTS OF PROBLEM-BASED LEARNING IN MATH AND SCIENCE ON
HIGH POTENTIAL ELEMENTARY SCHOOL STUDENTS
Abstract
Tracy Inman

December 2011

147 Pages

Directed by: Julia Link Roberts, Mary Evans, Janet Tassell, and Steven R. Wininger
Educational Leadership Doctoral Program

Western Kentucky University

This study explored the effects of problem-based learning (PBL) on growth in both math
achievement and science process skills within a sample of high potential and high ability
students in grades 3 through 6, particularly students from low socio-economic (SES)
backgrounds. Six elementary schools were assigned to one of three treatment groups: (a)
PBL instruction in math and science in ability-grouped target classes and one-day-a-week
magnet program; (b) PBL instruction in math and science in ability-grouped target
classes; and (c) non-PBL instruction in math and science as a control group. Stemming
from data gathered in Project GEMS (Gifted Education in Math and Science), a federallyfunded grant through the Jacob K. Javits Gifted and Talented Students Education Act, the
current study analyzed data over a two-year period with three assessments (Baseline,
post-Year 1, and post-Year 2). Overall findings supported the use of PBL in science
instruction for this population showing significant gains in science process skills for both
treatment groups when compared to the control with a moderate effect size (η2 = .17).
Results also indicated a significant interaction in growth in science process skills for SES,
time, and treatment group. Students who qualified for free and/or reduced lunch in the
magnet group saw significant gains in science each year of implementation; however,
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students who paid full price for lunch in the magnet group failed to demonstrate
significant growth in science process skills from the first to second year. Although
students from both SES groups had significant growth in science process skills growth
from Baseline to Year 2, lower SES students also had significant growth from Year 1 to
Year 2. These results suggested the importance of sustained implementation. Regarding
math achievement, results revealed that all three treatment groups experienced significant
gains over the two years of implementation, including the control group that received
non-PBL instruction. Math achievement in control schools may have been affected by
their participation in two grants that focused on professional development in math content
and strategies. However, PBL treatment schools achieved significant growth in math
achievement with fewer professional development hours indicating efficiency in PBL
professional development. Achievement in the treatment schools could be attributed to
PBL.
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Chapter 1: Introduction
… failure to help the gifted child reach his potential is a societal tragedy, the extent of
which is difficult to measure but what is surely great. How can we measure the sonata
unwritten, the curative drug undiscovered, the absence of political insight? They are the
difference between what we are and what we could be as a society.
Gallagher (1975, p. 9)
In order for the United States to be “what we could be as a society” (Gallagher,
1975, p. 9), all children need to be appropriately challenged in the classroom and
provided the resources and opportunities to grow and learn. “All children” includes
children who are gifted and talented, children with high ability, and children with high
potential. These children span all demographics – all ethnicities and all socio-economic
levels; they speak multiple languages and sometimes have multiple exceptionalities. Each
one must be able to make continuous progress in order to reach his or her potential,
especially true in the 21st century as America faces global challenges economically,
educationally, and technologically.
The one piece of federal legislation for gifted and talented children was a vehicle
for making continuous progress a possibility. Enacted in 1988, the Jacob K. Javits Gifted
and Talented Students Education Act (Javits) was charged with enhancing schools‟
abilities to meet the needs of gifted and talented children. To that end, the Javits
supported a national research center and a system of grants. The National Research
Center on the Gifted and Talented (NRC/GT) conducted research and disseminated the
findings. The Jacob K. Javits Gifted and Talented Students Education Program
coordinated the grant initiatives that would provide “scientifically based research,
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demonstration projects, innovative strategies, and similar activities” (U.S. Department of
Education, 2009, para. 1) designed to help gifted children reach their potential. Javits
emphasized “serving students traditionally underrepresented in gifted and talented
programs, particularly economically disadvantaged, limited English proficient…, and
disabled students, to help reduce the serious gap in achievement among certain groups of
students at the highest levels of achievement” (para. 1). In fact, the first priority in the
grants supported initiatives with these populations.
Through Javits funding, over 50 research studies have been conducted in the past
decade (U.S. Department of Education, 2009). These grants have explored such areas as
identification instruments and procedures, curriculum development, and professional
development in identifying and serving gifted children; a common thread in many was a
focus on underrepresented populations in gifted programs. Some of the projects utilized
inquiry and problem-based learning (PBL) in their studies such as Scientists-in-Schools,
Project Breakthrough, and Project M 3 (“Javits Program Supports,” 2007). In fact, PBL
has been shown to be effective for gifted students both in science (VanTassel-Baska,
Bass, Ries, Poland, & Avery, 1998) and mathematics (Gavin, Casa, Adelson, Carroll, &
Sheffield, 2009). Not only does PBL motivate gifted learners (Gallagher, Stepien, &
Rosenthal, 1992) and enhance their self-regulation (Sungar & Tekkaya, 2006), but it also
has been found to impact self-efficacy and self-regulated learning positively in at-risk
gifted populations (Cerezo, 2004).
Due to its origins in the Javits‟ funded Project GEMS (Gifted Education in Math
and Science), the current study combined the elements of gifted education, children of
high potential and high ability from underrepresented populations, specifically from
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lower socio-economic conditions, and PBL in science and mathematics. Awarded to an
educational center for gifted education at a comprehensive regional university in the
southeastern United States and a school district in that area, Project GEMS was a $2
million 5-year grant with the following goal:
to design and implement a model demonstration project that will increase the
number of elementary children who are advanced in science and math and to
foster their interest and achievement in science, technology, engineering, and
mathematics. This goal specifically targets children from low-income
backgrounds and minorities who are underrepresented in STEM careers. (Roberts
& Inman, 2008, p. i)
Although the grant had multiple objectives under the goal, this study focuses on one: The
potential impact of PBL on math achievement and growth in science process skills in
elementary students from underrepresented populations in gifted programming and the
STEM areas (i.e., low-income backgrounds).
Purpose of the Study
The global numbers are alarming. Americans accounted for a little over half of the
United States‟ patent applications in 2005 while Asians more than doubled their
percentages in the same time period: 13% to 29% (National Science Board, 2008). The
Programme for International Student Assessment or PISA (Organisation for Economic
Co-operation and Development [OECD], 2011) conducts a survey of knowledge and
skills of 470,000 15-year-olds from the 65 countries that create 90% of the world
economy. Their latest results placed the United States in a dubious position: the U.S.
ranks barely above the OECD average of 500 in science (i.e., 502) and statistically
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significantly below the 500 average in math (i.e., 487). Trends in Mathematics and
Science Study (TIMSS) has made international comparisons for students in Grades 4 and
8 in math and science four times since 1995 (Gonzales et al., 2008). The TIMSS 2007
Results showed the U.S. above the 500 average in both math and science for fourth and
eighth graders (i.e., Grade 4 Math 529; Grade 4 Science 539; Grade 8 Math 508; and
Grade 8 Science 520), but the U.S. did not even rank in the top 10% out of the 60
countries participating. Not only did many Asian countries consistently outscore the
United States (i.e., Hong Kong, Singapore, Chinese Taipei, and Japan by up to 90 points),
but the U.S. also lagged behind such countries as Slovenia, Kazakhstan, Latvia, and the
Russian Federation. Moreover, only 6% to 10% of the American students tested scored at
the most advanced level in math while over 40% of students in Singapore, Hong Kong
SAR, Chinese Taipei, and Korea scored at or close to that level.
The United States must seek ways to be competitive in a flattened, global society.
One important way to be more competitive is to develop talent and increase achievement
in math and science in our young people. The need is great. The latest results of the
National Assessment of Educational Progress (NAEP; 2010) showed that the United
States is making progress: Seniors averaged three points higher in math since the 2005
results. However, it also indicated that only 6% of the fourth graders and 8% of the eighth
graders performed at the advanced level (NAEP, 2009). The science portion had more
dire results (NAEP, 2011). Few students worked at the advanced level: 1% of fourth
graders, 3% of eighth graders, and 1% of twelfth graders – a decline from the 2005
results (i.e., 2%, 4%, and 2%, respectively). Students from underrepresented populations
such as English Language Learners, certain ethnic groups, and those from low socio-
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economic backgrounds fared even worse with their scores rounding to 0% (Plucker,
Burroughs, & Song, 2010). The study Mind the (Other) Gap: The Growing Excellence
Gap in K-12 Education (Plucker et al., 2010) examined this excellence gap in
underrepresented populations. Alarmingly, fourth grade NAEP math scores indicated that
the top 10% of White students scored roughly two to three grade levels above the top
10% of Black students, Hispanic students, or those students who qualified for free and
reduced lunch. In Grade 8, minorities fared even worse with four to five grade levels in
variance among top scorers in math (Plucker et al., 2010).
Moreover, these students with high ability at advanced levels are not making gains.
The Fordham Institute‟s study High-Achieving Students in the Era of NCLB (Loveless,
Farkas, & Duffett, 2008) reported that the performance of the top students is stagnant.
The top 10% of eighth graders‟ Math NAEP scores increased 5 points (i.e., 320 to 325)
from 2000-2007 while the bottom 10% gained 13 points (i.e., 221 to 324). Fourth grade
reading results were worse for the top scorers where they achieved only a 3-point growth
in seven years (i.e., 260 to 263) in contrast to the 16-point jump (i.e., 157 to 173) of the
bottom percentile. The report also stated that teachers “believe that academically
advanced students are not a high priority in their schools” (p. 51). The problem intensifies
when looking at high-achieving students from low income families. The talents of these
students are “under-nurtured” in schools (Wyner, Bridgeland, & Diiulio, 2008, p. 7). “As
we strive to close the achievement gaps between racial and economic groups, we will not
succeed if our highest-performing students from lower-income families continue to slip
through the cracks” (Wyner et al., 2008, p. 7). Mind the (Other) Gap (Plucker et al.,
2010) pointed out the lack of growth for the advanced Black and Hispanic students in
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Grade 8 Math (i.e., increase of .8% and 1% respectively) in contrast to the 4.5% points
the White students gained from 1996 to 2007. In fact, the report‟s authors argued that
poor White students perform at similar levels of nonpoor Hispanic and Black students.
The United States must create interest and increase achievement in math and science
in young people. Tai, Liu, Maltese, and Fan (2006) argued that early interest in science is
linked to careers in science: “Our study does suggest that to attract students into the
sciences and engineering, we should pay close attention to children‟s early exposure to
science at the middle and even younger grades” (p. 1144). The authors used nationally
representative longitudinal data to investigate whether science-related career expectations
of early adolescent students (i.e., 8th grade) predicted the concentrations of degrees later.
With a rather large sample (N = 3,359), they also found that science career goals,
especially in the physical sciences and engineering, were a greater indicator of attaining a
degree in science than mathematics achievement in 7th and 8th grades. With the national
accountability emphasis on math and reading, this early exposure to science becomes
more critical.
In order to develop the math and science potential of young people with high ability,
it was important to examine the effect that certain strategies, shown to be effective with
gifted children, had on achievement. The purpose of this current study was to explore the
impact of PBL in three settings: a magnet program, target classes, and a control group.
Also important would be the contribution to the literature regarding underrepresented
populations, specifically effective teaching methods.
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Research Questions
The research questions explored were as follows:
Research Question 1: What is the impact of two years of problem-based learning
intervention and the demographic variable of socio-economic status on growth in math
achievement for high potential and high ability elementary students?
Research Question 2: What is the impact of two years of problem-based learning
intervention and the demographic variable of socio-economic status on growth in science
process skills for high potential and high ability elementary students?
Significance of the Study
This study is significant in multiple ways. Although studies have examined the
effects of PBL on achievement, few have been conducted with elementary-aged children
and even fewer with elementary-aged children who have high potential and high ability
in math and science. Results could be important to school personnel considering the
implementation of PBL in elementary math and science classrooms or the use of PBL as
a strategy for children of high potential and high ability. It could also be advantageous to
school personnel examining various grouping practices in order to serve gifted children,
in particular target classes and a one-day-a-week magnet program. By focusing on
developing math and science talent in children from underrepresented populations, in
particular those from lower-income families, this study contributes to the literature
concerning best practice with these populations. As demographics shift in the nation,
nurturing talent in underrepresented populations becomes more critical. Additionally,
given America‟s status in the world economic and educational picture, this study could
provide insight into STEM development of young people.
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Definitions of Key Terms
1. Constructivism: learning theory or philosophy purporting that “learners construct
knowledge for themselves – each learner individually (and socially) constructs
meaning – as he or she learns” (Hein, 1991, para. 2). This requires a focus on
“the learner in thinking about learning” and the realization that “there is no
knowledge independent of the meaning to experience (constructed) by the learner
or community of learners” (para. 2).
2. Free and/or reduced lunch eligibility: In the school year the grant was written (i.e.,
2008-2009), annual income for reduced lunch eligibility was $39,220 and free
lunch eligibility was $27,560 for a family of four in the 48 contiguous states
(“Department of Agriculture,” 2008). In 2011-2012, reduced lunch eligibility was
$41,348 while free lunch eligibility was $29, 055 (“Department of Agriculture,”
2011).
3. Gifted and talented students: Defined by the Elementary and Secondary Education
Act also known as the No Child Left Behind Act (2002), gifted and talented
students are
students, children, or youth who give evidence of high achievement
capability in areas such as intellectual, creative, artistic, or leadership
capacity, or in specific academic fields, and who need services and
activities not ordinarily provided by the school in order to fully develop
those capabilities. (Title IX, Part A, Definition 22)
4. High achieving students: students above the 90th percentile on NAEP (Loveless,
2008); students who typically earn high grades, have strong work ethics, are well

8

acclimated to school procedures, perform in the top of the class, and comprehend
at a high level (Kingore, 2004).
5. High potential students: students with higher ability in a school setting and high
interest in content or learning; the Kentucky gifted regulation defines these
students as ones who “typically represent the top quartile … of the entire student
population in terms of the degree of demonstrated gifted characteristics and
behaviors and require differentiated service experiences to further develop their
interests and abilities” (Program for the Gifted and Talented, Section 1, Definition
19).
6. Magnet school/program: a public school/program specializing in a learning area
such as the performing arts, math, or technology designed to meet gifted students
learning needs (NAGC, 2008, para. 30).
7. Problem-based learning (PBL): “an instructional (and curricular) learner-centered
approach that empowers learners to conduct research, integrate theory and
practice, and apply knowledge and skills to develop a viable solution to a defined
problem. Critical to the success of the approach is the selection of ill-structured
problems (often interdisciplinary) and a tutor who guides the learning process and
conducts a thorough debriefing at the conclusion of the learning experience.”
(Savery, 2006, p. 9)
8. STEM: an acronym for the career and curriculum areas of Science, Technology,
Engineering, and Mathematics (STEM Education Coalition, n.d).
9. Target classes: classrooms in this study containing the identified students who
received PBL in science and math instruction by teachers who had professional
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development in PBL; referred to in the literature by multiple names (e.g.,
multilevel classes, Kulik & Kulik, 1992; Enriched Classes Ability Grouped,
Rogers, 1991; Special Classes for the Gifted, Schroth, 2008).
10. Underrepresented gifted populations: “students traditionally underrepresented in
gifted and talented programs, particularly economically disadvantaged, limited
English proficient (LEP), and disabled students” (U.S. Department of Education,
2009, para. 1).
In order to address these research questions, a more thorough discussion of the
background concepts was needed. In addition to exploring national and international
data on math and science achievement, PBL and its constructivist roots along with
grouping will be discussed in Chapter 2.
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Chapter 2: Literature Review
This study was designed to evaluate the effectiveness of PBL in math and science
for elementary children of high potential or high ability. To better accomplish those
goals, a thorough examination of pertinent literature was necessary. Since an independent
variable in the study was PBL, this chapter begins with an exploration of the theoretical
foundation of PBL: constructivism. Next, an examination of current achievement in math
and science on both the national and international realms provides a perspective
fundamental to the importance of the study. Because the study focused on children of
high potential and high ability including those from underrepresented backgrounds
specifically those from low income families, a discussion of two strategies demonstrated
to be effective with gifted young people (i.e., ability grouping and PBL) are included.
Finally, a literature review of PBL in science, math, and gifted classrooms provides a
foundation and serves as an introduction to this study.
Theoretical Perspective
It is essential to examine the theoretical perspective behind PBL, namely
constructivism. In simple terms, constructivism is a learning theory or philosophy
purporting that “learners construct knowledge for themselves – each learner individually
(and socially) constructs meaning – as he or she learns” (Hein, 1991, para. 2). This
requires a focus on “the learner in thinking about learning” and the realization that “there
is no knowledge independent of the meaning to experience (constructed) by the learner or
community of learners” (para. 2).
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Roots of constructivism.
Constructivism‟s roots lie in the works of Dewey (1938), Gagné (1980), Piaget
(1937), and Vygotsky (1978) through their beliefs in existing cognitive frameworks
(Cakir, 2008) and emphases on problem solving (Drake & Long, 2009; Savery & Duffy,
1995). Dewey (1897) argued in his Pedagogic Creed that real learning stems from “the
stimulation of the child‟s powers by the demands of the social situations in which he
finds himself” (p. 1). In addition to Dewey‟s emphasis on the social aspect of learning, he
argued that problem-based instructional strategies lead to learning (1938). Gagné (1980)
also influenced constructivism theory via his emphases on thinking and problem solving:
“the central point of education is to teach people to think, to use their rational powers, to
become better problem solvers” (p. 85). Drake and Long (2009) argued that “Dewey
(1938) emphasized the necessity of providing educational experiences that were relevant
to students through the use of problem-based instructional strategies. Gagné (1965) noted
that problem-based instruction was particularly effective in developing science concepts”
(p. 3).
Also impacting constructivism, Piaget (1977) believed that everyone relies on
schemas or mental patterns in both learning and behavior; all new learning is retrofitted
to an existing schema. If not, the learner must make adaptations to existing schema. In
fact, Driver, Asoko, Leach, Mortimer, and Scott (1994) translated a telling statement
from Piaget‟s 1937 work La Construction de Reel Chez L’enfant: “Intelligence organizes
the world by organizing itself” (p. 6). Vygotsky‟s Mind in Society (1978) not only
stressed the social importance of learning but also introduced the zone of proximal
development. He defined this zone as the “distance between the actual developmental
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level as determined by independent problem solving and the level of potential
development as determined through problem solving under adult guidance or in
collaboration with more capable peers” (p. 86). Thus this zone should be the ideal level
of instruction for a particular child – stretching him beyond his current level yet not
frustrating him with an impossible goal. Cakir (2008) noted the impact of Piaget and
Vygotsky on constructivism:
One reason for the broad, intuitive appeal that has fueled the growth of
constructivism as an epistemological commitment and instructional model may be
that it includes aspects of Piagetian … and Vygotskian learning theories; namely
the importance of ascertaining prior knowledge, or existing cognitive frameworks,
as well as the use of dissonant events (relevant information) to drive conceptual
change. (p. 196)
The zone of proximal development, the concept of existing frameworks or schema, and
the social aspect of learning contribute to the foundation of constructivism.
Basic tenets of constructivism.
Savery and Duffy (1995) argued that before one could look at the instructional
design of a constructivist learning environment, one must understand the primary
propositions of constructivism. They delineated three with the first being “understanding
is in our interactions with the environment” (p. 1). Having emphasized the word in,
Savery and Duffy proposed that it is impossible to separate what is learned from how it is
learned; therefore, the context of learning, the content to be learned, and the learner
himself including his learning activities and, most importantly, his learning goals must all
be taken into account. Their second proposition was “cognitive conflict or puzzlement is
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the stimulus for learning and determines the organization and nature of what is learned”
(p. 2). They explained that the learner‟s goal is central to what is to be learned; it dictates
what the learner focuses on including the prior knowledge he brings to the learning
situation. They argued this premise is similar to Dewey‟s (1938) idea of the
“problematic” leading to and organizing the learning and Piaget‟s (1977) belief that one
must make accommodations when he cannot place knowledge into his existing schema.
The last proposition was “knowledge evolves through social negotiation and through the
evaluation of the viability of individual understandings” (p. 2). Social negotiation comes
into focus as learners use others to test their individual understanding and hone that
understanding. Also included in this proposition was the idea that fact is based more on
“widespread agreement” (p. 2) than “ultimate truth” (p. 2) citing the medieval belief of
the world being flat.
Constructivists, then, view the world a bit differently as Cakir (2008) outlined in a
literature review of constructivist learning theory. He argued that constructivism was a
philosophy that impacted how a person saw the world. It affected his concept of reality in
that ideas might be as real as tangible things. It also impacted the person‟s belief about
the nature of knowledge in that knowledge was constructed by each person. In addition,
constructivism guided the person‟s view of human interaction which emphasized the
importance of shared meanings and cooperation in constructing knowledge. Lastly, it
impacted how a person viewed the nature of science. Science “is a meaning-making
activity with the biases and filters accompanying any human activity” (p. 197). Humans,
then, individually construct knowledge based on their interactions with others. There are
no universal truths to learn; rather, learning is “a personal and social construction of
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meaning out of the bewildering array of sensations which have no order or structure
besides the explanations … which we fabricate for them” (Hein, 1991, p. 1).
Constructivist learning activities.
Therefore, according to constructivist learning theory, learning activities must
encourage the personal and social construction of meaning. Jonassen (1991) delineated
constructivist principles for the design of learning activities ranging from the teacher as
coach to negotiated learning objectives, from realistic problem solving to authentic
learning environments. Savery and Duffy (1995) formalized eight instructional principles
that could be derived from constructivist theory:
1. Anchor all learning activities to a larger task or problem.
2. Support the learner in developing ownership for the overall problem or task.
3. Design an authentic task.
4. Design the task and the learning environment to reflect the complexity of the
environment they should be able to function in at the end of the learning.
5. Give the learner ownership of the process used to develop a solution.
6. Design the learning environment to support and challenge the learner‟s
thinking.
7. Encourage testing ideas against alternative views and alternative contexts.
8. Provide opportunity for and support reflection on both the content learned and
the learning process. (pp. 3-6)
According to Savery and Duffy, then, the ideal constructivist learning environment would
be one where learning was connected to a clear purpose, ideally one in the real world. It
would be an environment where learning goals matched the goals of the individual
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learners whether that be through student-generated problems or problems that students
readily adopt as their own. It would be a place where, in lieu of authentic physical
learning environments such as a lab, authentic cognitive demands were placed on the
learner such as problem solving and using the scientific method. It would be a place
where learners took ownership of both the problem and the process. Teachers in this ideal
environment “value as well as challenge the learner‟s thinking” (p. 6) by incorporating
such concepts as Vygotsky‟s (1978) zone of proximal development. It would be a place
where emphasis was placed on the learning community so that knowledge was socially
negotiated and where learners worked toward the goal of self-regulation. They suggested
that the model that best embraces these instructional design principles is PBL. When
describing the ideal constructivist learning environment, Goodnough (2006) included
those characteristics inherent in PBL as well:
Educators who hold a constructivist perspective structure learning experiences
that help students construct their understanding of phenomena based on prior
knowledge, learning styles, and developing perceptions. Students need to have
opportunities to explore and reflect upon their ideas and how they fit with new
ideas, and to question and share their thinking in a social context. (p. 302)
PBL is an extension of constructivist thinking.
Science and Math Achievement
America has cause for concern. In 2005, the National Academies responded to a
Congressional charge ultimately creating the report Rising Above the Gathering Storm:
Energizing and Employing America for a Brighter Economic Future. In this report, the
authors stressed great concern over the future prosperity of America commenting
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specifically on America‟s looming loss of being first in science and technology. Five
years later the follow-up report Rising Above the Gathering Storm, Revisited: Rapidly
Approaching Category 5 (2010) argued that the outlook for the United States had not
improved since the original report; in fact, the lack of action on its suggested
recommendations had caused the situation to worsen. Friedman‟s The World is Flat:
Further Updated and Expanded: Release 3.0. (2007) described how India and China have
grown more powerful technologically, educationally, and economically. The PISA
(OECD, 2011) and TIMSS (2008) data only supported this trend as Americans fall
behind the other developed countries in math and science. Although 2008 NAEP scores
showed some improvement in science for 4th graders, only 3% of the students worked at
the advanced level. Only 2% of 12th graders worked at advanced levels. The Davidson
Institute for Talent Development produced a piece called National Statistics (2009) that
highlighted example after example of America‟s educational plight – from loss of
Americans seeking engineering, science, and math degrees to the fact that 45% of U.S.
patents are awarded to foreigners. The signs are very clear: if the United States does not
optimize its potential by nurturing talent, especially among those with the greatest
potential, America will no longer be the world‟s super power.
National evidence.
Business leaders in America are beginning to take action. Change the Equation
(CTEq), a “non-profit, non-partisan CEO-led initiative to solve America‟s innovation
problem” (Change the Equation, n.d., para. 2), is a coalition with 110 corporate CEO
members all focused on developing learning and talent in the STEM areas. The need is
great as the major findings in CTEq‟s national STEM Vital Signs (2011) attested. The
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first finding described how states set a very low bar. On average, states reported that
close to 75% of their fourth grade students were proficient or advanced in math in 2009
according to their state assessments, yet NAEP results reported only 38% of fourth
graders were proficient or advanced. Until states raise their standards (which many state
departments of education plan to do through adoption of national standards), the United
States cannot begin to compete globally. According to the second finding, however, there
is hope since both 4th- and 8th-grade math scores have increased in the past 15 years (p.
2). Overall, 4th-grade math scores increased 16 points from 1996 to 2009. Growth should
be the goal in all areas.
A third finding of CTEq‟s study (2011) confirmed that achievement gaps remain a
major issue. Although achievement gaps in math narrowed between White students and
minorities from 1973 to 1990, the gaps have been at a virtual standstill the last two
decades. CTEq emphasized that some of the highest performing states have the greatest
gaps. For instance, although 46% of Massachusetts 4th graders are proficient in science,
only 12% are Black. The fourth finding argued that not enough Americans attend college,
much less graduate. Perhaps this is because many are not prepared for it. For example, a
mere 10% of students who graduated in 2010 took an Advanced Placement (AP) test in
science or math. Students who successfully take just one AP test increase their chances of
graduating from college 33% to 59%; those who take two or more increase their chances
to 76% (“Answers in the Toolbox,” 1999). AP courses provide the rigor and challenge
that prepare students for collegiate study, yet not enough American students are taking
advantage of AP courses in math and science and not enough high schools afford them
that opportunity. Another bit of data shared was the fact that although 94% of students
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plan on attending a two- or four-year college, in reality only 36% of 18- to 24-year-olds
enrolled. Of those enrolled, graduation rates differ dramatically; states range from 22% to
69% in the six-year graduation rate (CTEq, p. 2). Another issue discussed was the fact
that math teachers do not have strong content backgrounds with only 57% of American
8th-grade students being taught by teachers with a math major or minor. Finally, STEM
Vital Signs (2011) described a bleak forecast on the 4th- and 8th-grade science fronts
explaining how over half of the students reported that they “never or hardly ever” (p. 2)
wrote about science and less than 40% responded the same about designing an
experiment. Bleak is indeed an appropriate word to use when describing science and
math on the national front, but with American business leaders pushing for reform,
perhaps change is on the horizon.
High achieving students.
The outlook becomes more dire when looking at the highest achieving students.
The Fordham Institute‟s study High-Achieving Students in the Era of NCLB (Loveless et
al., 2008) found that, although low achievers made gains during this time, the top
achievers did not. Therefore, when comments are made about the lessening achievement
gap, that gap is being lessened by the bottom moving up to an almost stationary top.
Fordham president Chester E. Finn, Jr., remarked:
To its credit No Child Left Behind appears to be making progress toward its stated
goal: narrowing achievement gaps from the bottom up. Let us celebrate the gains of
our lowest achieving students. But in a time of fierce international competition, can
we afford to let the strongest languish? As John Gardner once asked, “Can we be
equal and excellent too?” Surely the answer must be yes. For America to maintain
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prosperity and strength on a shrinking, flattening planet, we need also to serve our
ablest youngsters far better than we‟re doing today. (as cited in Kuhner, 2008, para.
2)
Moreover, the report indicated that although teachers believe all children deserve
attention, they admit to spending the majority of their time with the lowest achieving
students.
Excellence gaps.
In spite of the shrinking achievement gap (albeit in a less than ideal manner), gaps
in excellence continue to widen. Plucker et al.‟s 2010 study Mind the (Other) Gap: The
Growing Excellence Gap in K-12 Education examined NAEP math and reading results
since the mid-1990s focusing on those with advanced status. Since the current study
explored math and science, only NAEP‟s math data will be discussed. Those math
findings, although dismal, were not surprising:
NAEP results suggest that the excellence achievement gaps among different racial
groups, high- and low-socio-economic status, different levels of English language
proficiency, and gender groups have widened in the era of NCLB. The percentage
of White, more affluent, and English-language speakers scoring at the advanced
level has increased substantially in math while the performance of other groups
has remained relatively stable…. Excellence gaps in math are generally greater in
Grade 8 than in Grade 4…. (p. 4)
As Figures 1 and 2 delineate, Whites, Blacks, and Hispanics scoring advanced saw
growth in math from 1996 to 2007 in both fourth and eighth grades. However, Whites
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made substantially more growth than the other two demographics; thus, the excellence
gap widened in regard to race.
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Figure 1. NAEP percentage advanced math grade 4 – race.
From Mind the (other) gap: The growing excellence gap in k-12 education, by J. A.
Plucker, N. Burroughs, and R. Song, 2010, p. 6. Copyright 2010 by the Center for
Evaluation and Education Policy. Reprinted with permission.
Excellence gaps are growing between advanced students who qualified for free
and/or reduced lunch and those advanced students who did not qualify for free and/or
reduced lunch. (See Figures 3 and 4.) Although all of the percentages of students scoring
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Figure 2. NAEP percentage advanced math grade 8 – race.
From Mind the (other) gap: The growing excellence gap in k-12 education, by J. A.
Plucker, N. Burroughs, and R. Song, 2010, p. 6. Copyright 2010 by the Center for
Evaluation and Education Policy. Reprinted with permission.
at advanced levels increased over the 12-year period for Grades 4 and 8, the percentage
of students not on free and/or reduced lunches gained at a much faster rate. The
percentage of students not on free and/or reduced lunch increased by 5.6 and 5.7 in
Grades 4 and 8, respectively, while the percentage of students on free and/or reduced
lunch increased by 1.2 and .7 in Grades 4 and 8, respectively.
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Figure 3. NAEP percentage advanced math grade 4 – SES.
FARM stands for students who are eligible for free or reduced-priced lunch and NonFARM students are ineligible for free or reduced-priced lunch. From Mind the (other)
gap: The growing excellence gap in k-12 education, by J. A. Plucker, N. Burroughs, and
R. Song, 2010, p. 8. Copyright 2010 by the Center for Evaluation and Education Policy.
Reprinted with permission.
Excellence gaps between English Language Learners (ELL) and non-English
Language Learners (non-ELL) scoring advanced in math mirrored the other excellence
gaps. In Grade 4 as shown in Figure 5, the percentages of non-ELL students scoring
advanced grew by 3.8 while the percentage of ELL students scoring advanced only grew
by .8. In Grade 8, the growth was 3.7 for non-ELL students and only .1 for ELL students.
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Figure 4. NAEP percentage advanced math grade 8 – SES.
FARM stands for students who are eligible for free or reduced-priced lunch and NonFARM students are ineligible for free or reduced-priced lunch. From Mind the (other)
gap: The growing excellence gap in k-12 education, by J. A. Plucker, N. Burroughs, and
R. Song, 2010, p. 8. Copyright 2010 by the Center for Evaluation and Education Policy.
Reprinted with permission.
(See Figure 6.) It should be noted that Plucker et al. (2010) indicated that inconsistent
data reporting by states could affect the numbers in the earliest years on the graph.
If the excellence gap for ELL students, those on free and/or reduced lunch, and
minorities grows, if the most capable students remain stagnant in their growth, and if the
vital signs of the nation continue to weaken, the United States faces an almost impossible
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task. Reports like Mind the (Other) Gap, High Achieving Students in the Era of NCLB,
and Rising Above the Gathering Storm have the potential to open the nation‟s eyes to the
problems. Some Americans, such as CTEq, are beginning to take action.
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Figure 5. NAEP percentage advanced math grade 4 – ELL.
ELL stands for English Language Learners. From Mind the (other) gap: The growing
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12. Copyright 2010 by the Center for Evaluation and Education Policy. Reprinted with
permission.
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12. Copyright 2010 by the Center for Evaluation and Education Policy. Reprinted with
permission.
International evidence.
Given the data discussed above, it is not surprising that the United States is not
competitive internationally. PISA (OECD, 2011) and TIMSS (2008), two international
studies addressing science and math, supported that finding. For example, the latest PISA
results placed the United States 25th in math and 17th in science among the 34 OECD
countries; this was significantly below the standard of readiness for college and careers
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(Epstein, Wyner, Schnur, & Pianko, 2011). In fact, when ranking countries according to
the percentages of students achieving at advanced levels in math, the U.S. ranked 31 out
of the 56 entities participating (i.e., 34 OECD countries and 31 countries/economies).
Perhaps what is most discouraging about the PISA data was the almost total lack of
mention of the United States in the executive summary and in the narrative parts
discussing math and science (OECD, 2011).
Plucker and Rutkowski (2011) explained the possible reason for the very average
PISA scores this way: “We worry that the all-consuming passion for ideological, onesize-fits-all solutions to our „broken‟ schools is putting us in a position where the United
States simply will not be competitive” (para. 15). In a similar fashion, Epstein et al.
(2010) suggested that one of the most powerful approaches to increasing achievement at
all levels for all subgroups is for states to assess individual growth. Individual
accountability and differentiated teaching could turn American education around.
Although there was no significant growth for fourth and eighth graders in the
2007 TIMSS science assessments compared to the 1995 results, there was growth in
math: a gain of 11 points for fourth graders and 16 points for eighth graders (Gonzales et
al., 2008). In spite of this, the United States still ranked only 11th in math and 8th in
science out of the 35 countries taking part in the fourth-grade portion of the study. The
U.S. fared worse in eighth grade, ranking 9th in math and 11th in science out of the 47
countries participating. Interesting to note, Freeman, Machin, and Viarengo (2010)
examined the 1999 and 2007 TIMSS math scores for 246,102 eighth graders from the
participating countries. They found that the countries with the highest average scores also
had less variation in performance among their individual schools and smaller
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achievement gaps among different demographic populations. Apparently those countries
are effective in multiple educational areas.
Approach to education.
The data clearly indicate the United States is slipping internationally. What is it
about American education that contributes to this trend? Bill Schmidt, an expert on
international benchmarking, cited three characteristics of international standards not
usually found in American education: focus, rigor, and coherence (National Governors
Association [NGA], the Council of Chief State School Officers [CCSSO], & Achieve,
Inc. [AI], 2008). He elaborated on those in a panel discussion at the Hunt Institute and
National Governors Association Governors Education Symposium. As to rigor, eighth
graders in the top performing nations focus on algebra and geometry while most
American eighth graders study arithmetic. The same is true in science as the American
curriculum is a full two years behind the curricula of top performing nations (p. 24).
Moreover, these countries encourage deep coverage of content (i.e., focus) through the
content‟s natural organization of material (i.e., coherence). The United States, on the
other hand, has a “laundry list” (p. 24) of content incorporating entirely too much
material in an unorganized way. U.S. elementary math books were found to include
almost twice as many topics as those in Singapore, thus encouraging less thorough
coverage of more information.
Standards must be increased and focused. Top performing nations expect much
more from their students. For example, Benchmarking for Success: Ensuring U.S.
Students Receive a World-Class Education (NGA et al., 2008) found that sixth graders in
Singapore took more challenging math assessments than eighth graders took in the seven
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American states included in the study – the assessments were even more challenging than
the eighth grade NAEP (p. 26). Top performing nations also recruit top-notch teachers.
For example, Korea only hires teachers from the top 5% of the graduates, Finland hires
from the top 10%, and Singapore hires from the top 30%; in the United States, a female
scoring in the top 10% only has a 10% rate of going into the education profession (p. 27).
What steps can America take to reverse trends? An emphasis on critical thinking
could be a starting place. Chin and Chia (2004) emphasized the innovation in Singapore‟s
science curriculum in 1998. The Ministry of Education initiated Thinking Schools,
Learning Nation which included revising all science content to include more “inquiryoriented lessons” (p. 707), and “collaborative project work” (p. 708) is part of inquiryoriented lessons (thus mirroring the concepts of PBL). Plucker and Rutkowski (2011)
emphasized the need for reform that includes emphasis on creativity and problem
solving, citing top performers Shanghai, South Korea, and Finland as examples.
Benchmarking for Success: Ensuring U.S. Students Receive a World-Class
Education (NGA et al., 2008) outlined five formal actions necessary for the United States
to retain its global competitiveness:
Action 1: Upgrade state standards by adopting a common core of internationally
benchmarked standards in math and language arts for grades K-12 to ensure that
students are equipped with the necessary knowledge and skills to be globally
competitive.
Action 2: Leverage states‟ collective influence to ensure that textbooks, digital
media, curricula, and assessments are aligned to internationally benchmarked
standards and draw on lessons from high-performing nations and states.
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Action 3: Revise state policies for recruiting, preparing, developing, and
supporting teachers and school leaders to reflect the human capital practices of
top-performing nations and states around the world.
Action 4: Hold schools and systems accountable through monitoring,
interventions, and support to ensure consistently high performance, drawing upon
international best practices.
Action 5: Measure state-level education performance globally by examining
student achievement and attainment in an international context to ensure that, over
time, students are receiving the education they need to compete in the 21st
century. (p. 6)
If the United States adopted these actions, education would improve for all American
children, including those who are gifted and talented or who have high ability or
potential.
Gifted Education
According to the federal Elementary and Secondary Education Act No Child Left
Behind (2002), gifted and talented students are defined as
students, children, or youth who give evidence of high achievement capability in
areas such as intellectual, creative, artistic, or leadership capacity, or in specific
academic fields, and who need services and activities not ordinarily provided by
the school in order to fully develop those capabilities. (Title IX, Part A, Definition
22)
Gifted education is a relatively new field with the first major study begun in 1921
(Terman, 1925). The National Association for Gifted Children was founded decades later
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in 1954 (NAGC, 2009). The Jacob K. Javits Gifted and Talented Students Education Act
in 1988 established the National Research Center on the Gifted and Talented, so research
could be conducted consistently (NAGC, 2009). Therefore, relatively little research has
been conducted in gifted education in comparison to other fields.
The literature points to several important concepts regarding gifted learners.
Children who are gifted and talented are exceptional children – they learn differently
from the norm (Sisk, 2009). Their educational needs differ, as well, especially in regard
to pace and complexity (Daniel & Cox, 1988; Kaplan, 2007). These children thrive when
challenged cognitively (Gavin et al., 2009), yet too often they are overlooked in the
regular classroom and are bored (Neihart, Reis, Robinson, & Moon, 2002). Often they
come into the classroom already knowing content, sometimes even close to half of the
material to be studied (Reis et al., 1993). Gifted children require accommodations and
services in order to have continuous progress in their learning (Feldhusen, 1982; Gentry,
1999; Kaplan, 2009; Renzulli, 1984; Schroth, 2008). Educators are aware of the
importance of providing services to ensure continuous progress such as differentiation,
but they admit that they typically use one lesson plan for all students (Archambault et al.,
1993; Westburg & Daoust, 2003.) Studies have shown that grouping gifted children with
others like them has great benefits to the gifted students (Kulik & Kulik, 1990, 1992;
Rogers, 1991, 1993). Inquiry and PBL have also proven effective with children who are
gifted and talented (Gavin et al., 2009; Swanson, 2006; VanTassel-Baska et al., 1998).
All of these considerations must be taken into account when educating the gifted.
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Achievement.
As far as the high ability or gifted children are concerned, proficiency creates a
low learning ceiling since gifted students may already be proficient in the subject when
they walk into the classroom in the fall. As already noted, the study High Achieving
Students in the Era of NCLB (Loveless et al., 2008) focused on student achievement.
The achievement gap is shrinking, but not in the way that best benefits America. As low
achieving students‟ scores rise, advanced learners‟ scores remain stagnant. Tomlinson
(2002) argued that this push to proficiency will almost ensure that advanced learners are
“all but irrelevant” in classroom planning. In an article with four scholars debating
NCLB and gifted education (Epstein et al., 2011), the two arguing against NCLB,
Pianko and Epstein, agreed with Tomlinson (2002): as a result of NCLB, “our most able
students are not so much „shortchanged‟ as they are ignored” (p. 4).
High achieving students of lower socio-economic status are not only ignored, but
they virtually disappear. The Jack Kent Cooke Foundation published achievementrap:
How America is Failing Millions of High-Achieving Students from Lower-Income
Families (Wyner et al., 2008). Defined as students who score in the upper quartile on
nationally normed standardized tests and whose families earn below the national median
income, these students number 3.4 million in Grades K-12 (p. 4). Initially, these students
represent 28% of the first grade population, and they mirror them in all demographics
from gender to ethnicity. By the end of elementary, however, only 56% of that 28% still
rank as high achieving. The numbers lessen even more as 25% of them are lost in high
school (p. 5). While nine out of ten of that percentage go on to college, only 59% of them
graduate, and only 29% of that 59% continue to graduate school. Many, then, begin
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school already behind, but for those ahead of their peers, they do not stay that way for
long. Their numbers keep diminishing until they are almost nonexistent in graduate
school. This report solidifies the message of Mind the (Other) Gap (Plucker et al., 2010):
The highest performing students from lower socio-economic backgrounds, who are
English Language Learners, or represent a minority (i.e., Black and Hispanic) continue to
lose ground. In fact, if they continue at their present rates, those excellence gaps would
take decades to close, if they ever would (Plucker, 2011).
Strategies for gifted populations.
As the revised Pre-K-Grade 12 Gifted Programming Standards (NAGC, 2010)
emphasize, a variety of services and strategies must be used with children who are gifted
and talented in order for them to have continuous progress. Some of those services and
strategies include acceleration, curriculum compacting, differentiation, and inquiry
learning. In this current study, two main strategies were employed: grouping and PBL.
Strategy: Grouping.
Grouping has been at the core of controversy with some studies reporting
consistent results while others proved ambiguous in their findings (Kulik & Kulik, 1992;
Robinson, Shore, & Enersen, 2007). However, two extensive meta-analyses concur that
there are benefits for gifted populations in certain types of grouping. Kulik and Kulik
(1992) conducted a meta-analysis examining five instructional programs that focused on
grouping students via ability: multilevel classes, cross-grade grouping, within-class
grouping, enriched classes for gifted and talented, and accelerated classes for gifted and
talented students. Analysis of studies conducted using the two groupings applicable to
this study – multilevel classes (defined as same grade-level students divided into separate
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ability groups for separate instruction for a subject or time period as demonstrated by this
study‟s target classes) and enriched classes (defined as classes wherein high aptitude
students get more robust and more varied experiences than age-mates as evidenced in this
study‟s magnet program) – found that students in these groupings reported higher overall
achievement, albeit very small for multilevel classes for higher aptitude students. A small
but significant effect size of .10 was reported for the 36 of 51 studies showing increased
achievement for higher aptitude students grouped in multilevel classes; Kulik and Kulik
noted, however, that few studies described changes in curriculum for these students, even
citing several where teachers were told not to adjust content. A modified curriculum for
higher aptitude students could have increased achievement. Of the 25 studies focused on
enriched classes, 22 showed increased achievement with a moderate effect size of .41.
Rogers (1991) examined five meta-analyses, two best-evidence syntheses, and one
ethnographic/survey research synthesis that focused on grouping and found sound
support for ability grouping for enrichment and acceleration purposes. Rogers reported a
significant effect size of .33 for both Enriched Classes Ability Grouped and Separate
Classes for the Gifted (two groupings that apply to the current study). Rogers concluded
that the effect size indicates approximately a “three-months‟ additional gain on a gradeequivalent score continuum of a treatment groups‟ achievement over the control group”
(p. ix).
Allan (1991) examined the meta-analyses on grouping done by Kulik and Kulik
(1982, 1984) and the best-evidence syntheses on grouping by Slavin (1987, 1990)
arguing that although each found evidence supporting some forms of grouping, she
believed that the benefits were actually greater than reported. The author confirmed
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through personal communication with Kulik, Kulik, and Slavin that the majority of
studies included in the works used standardized test scores to measure growth – without
taking into account the ceiling effect with gifted students; this, she argued, possibly
masked the actual growth. She then examined the meta-analyses and best-evidence
syntheses through the lens of grouping types: within-class, comprehensive, and betweenclass grouping. Most pertinent to the current study was between-class grouping. Allan
(1991) found that attitude toward the subject areas in which students were grouped
improved, even though overall attitudes toward school did not; she also found a positive
effect on achievement in between-class groupings. In fact, the greatest growth was in
classes designed for the gifted who used educators trained to work with these students
and differentiated curriculum (two components of the current study).
Delcourt, Loyd, Cornell, and Goldberg (1994) examined academic and affective
development of gifted children in various programs in their Learning Outcomes Study.
This two-year study included over 1,000 children in Grades 2 and 3 from 10 states.
Children were grouped in one of four ways: Within-Class, Separate Class, Pull-Out, and
Special School. They found that, overall, students in gifted programming, regardless of
the format, outperformed gifted students who were not in programs regardless of gender
or race. Students in Pull-Out, Separate Class, and Special School showed significantly
higher achievement than those gifted in Within-Class groupings and nongifted students;
students in Separate Class scored highest. Those in Separate Class groupings also showed
a significant preference for challenge, positive attitudes toward learning, and a sense of
peer approval over those in the other groupings. Those students grouped Within-Class or
in Special Schools believed their learning environments encouraged them to make
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independent judgments plus they felt themselves to be more capable than nongifted
students. Those in Special Schools professed that their learning environment was more
student centered than the other groups described.
As discussed, academic gains have been linked to multiple grouping practices. Tieso
(2005) cautioned, however, the importance of differentiated curricula. Grouping without
revised curricula would result in only small to moderate effect sizes on achievement. Her
study examining the effect of different grouping practices (i.e., whole class, within-class,
and between-class) and curricular changes (differentiated curriculum and flexible
grouping) on student math achievement revealed that students who were grouped withinand between-class who had differentiated curriculum scored significantly higher than
students with traditional instruction. Differentiation or modification of curricula is critical
in grouping. The Fordham Institute‟s study The Tracking and Ability Grouping Debate
(Loveless, 1998) agreed that achievement for high ability students grouped in separate
classes can only be significantly boosted when the curriculum is adjusted or accelerated.
Kulik‟s (1992) research monograph on ability grouping concurred, arguing that curricular
changes must occur if there is to be significant achievement gains by high ability students
in grouping situations.
Target classes.
This study uses the term target classes to refer to the classrooms containing the
identified students who received PBL in science and math instruction by teachers who
had professional development in PBL as described in Chapter 3. Other names have been
used with this level of programming including Special Classes for the Gifted (Schroth,
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2008), multilevel classes (Kulik & Kulik, 1992), Separate Class Programs (Delcourt et
al., 1994), and Enriched Classes Ability Grouped (Rogers, 1991).
Benefits.
The benefits to grouping high potential and high ability students together to study
a content area are numerous. Adams-Byers, Whitsell, and Moon (2004) surveyed and
interviewed 44 students in Grades 5 to 11 who participated in a summer camp for the
gifted. Over one-half of the students responded that the academic advantages to highability homogenous grouping were the fast paced nature of the class, the high level of
challenge, and the lack of content repetition. Other benefits included the lack of
interruption to help others, the high level of discussion, and teacher competence. Social
and emotional benefits included being with peers who think alike, the lack of teasing, and
teacher attention. However, participants were mixed in their responses about which
environment better met their social and emotional needs: homogenous or heterogeneous.
Delcourt et al. (1994) listed multiple research-based benefits of grouping gifted
students in a separate class: students enjoy the lack of repetition, they tend to have more
shared interests with classmates, they have increased achievement when curriculum
differs from regular classrooms, and they have more positive attitudes toward school. The
fact that students of like ability are grouped together increases their chance to interact
with others similar to them; this encourages intellectual stimulation as well as socialemotional growth (Gentry, 1999; Gentry & Mann, 2008; Hoover & Sayler, 1993).
Limitations.
One major limitation to all grouping is the argument that gifted children are
needed in all classes in order to provide a role model for others. However, Schunk (1987)
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found that students of low and average ability do not model themselves after gifted
children: “In general, the more alike observers are to models, the greater is the probability
that similar actions by observers are socially appropriate and will produce comparable
results” (p. 151.) Moreover, he argued that “similarity serves as an important source of
information for gauging behavioral appropriateness, formulating outcome expectations,
and assessing one‟s self-efficacy for learning or performance tasks” (p. 149).
Academic disadvantages have been noted (Adams-Byers et al., 2004). Some
students in homogenously grouped classes listed a heavy workload and high expectations
as disadvantages along with the fact that peers might be more intelligent. As to
social/emotional disadvantages, Adams-Byers et al. (2004) found that over half of the
participants in their study cited class rank as a major concern; in fact, some preferred
heterogeneously grouped classes because of the ease of the work and the subsequent
higher class rank as a result. For students, these two disadvantages seemed to be more
important than the numerous advantages.
Magnet programs.
The other grouping option utilized in the current study was a magnet program that
is defined as a public school or program that “focuses on a specific learning area such as
math, science, technology, or the performing arts. Magnet schools have been established
to meet the specific learning needs of the gifted” (NAGC, 2008, para. 30). Meta-analyses
already discussed (i.e., Kulik & Kulik, 1990, 1992; Rogers, 1991, 1993) supported the
increased achievement of gifted students in such a grouping.
Although the majority of research on magnet schools or programs focuses on
residential high schools such as government-funded state schools (Rapp, 2008), some
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studies have centered on nonresidential programs at the elementary or middle school
levels. Researchers examined specific demographics such as the economically
disadvantaged gifted (Borland, Schnur, & Wright, 2000) or the artistically gifted (Clark
& Zimmerman, 2001). Approaching magnet schools more generally, Gentry, Rizza, and
Owen (2002) found positive effects from a magnet school option in their study. Using My
Class Activities. . . and the Classroom Practices-Teacher Survey, they investigated
teachers‟ perceptions versus students‟ perceptions in regard to choice and challenge in
elementary schools (n = 91) and middle schools (n = 64) with three groupings: gifted
students in a magnet school, gifted students in a regular school setting, and other students
in a regular school setting. Not only did they find discrepancies between teacher
perception and student perception with teachers perceiving significantly more challenge
and choice than students, but they also described how middle school gifted students in the
magnet school reported much more challenging learning activities than either of the other
two groups of children. The authors concluded that this study supported the idea that
gifted students‟ needs are more likely to be met in a magnet school than in traditional
schools especially at the middle school level.
Importance of grouping for gifted populations.
Rogers (2007), examining research from 1861 to 2006 on educational practices
for the gifted, discerned five lessons, three of which directly link to this study. The first
lesson was that gifted children need daily challenge in their areas of talent which
typically calls for some form of grouping in order to have that challenging instruction;
she specifically cited whole class of high ability students (such as the target classes) and
long-term pull-out (such as a one-day-a-week magnet program): “The pull-out or send-
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out program can be a viable choice for implementation here, particularly if it brings
gifted learners together for these challenges for a more substantial portion of the school
week, rather than a 1- to 2-hr block per week” (p. 385). Lesson four dictated that gifted
learners must have opportunities to learn from and socialize with similar peers. In fact,
students participating in full-time ability grouping (i.e., magnet programs) or cluster
grouping can gain one-third to three-fifths of a year‟s additional growth. The final lesson
emphasized the need for differentiated pace, amount of review and practice, and
organization of content presentation for the specific content area‟s instructional delivery.
In addition to mirroring other countries‟ more focused math and science curricula, Rogers
also argued for more experiential learning in math which includes both inquiry learning
and problem-based strategies.
Strategy: Problem-based learning.
In addition to grouping, another strategy shown to have promise with gifted or
high ability students is PBL. When Savery was asked to give an overview of PBL for the
inaugural edition of The Interdisciplinary Journal of Problem-Based Learning (2006), he
defined PBL this way:
PBL is an instructional (and curricular) learner-centered approach that empowers
learners to conduct research, integrate theory and practice, and apply knowledge
and skills to develop a viable solution to a defined problem. Critical to the success
of the approach is the selection of ill-structured problems (often interdisciplinary)
and a tutor who guides the learning process and conducts a thorough debriefing at
the conclusion of the learning experience. (p. 12)
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Banta, Black, and Kline (2001) defined it more simplistically: Students develop problemsolving skills and gain knowledge by solving problems. Barrows, often credited as the
first to use PBL in an educational setting (Drake & Long, 2009; Savery, 2006; SavinBaden & Major, 2004), simplified it even further: “the learning that results from the
process of working toward an understanding or resolution of the problem” (Barrows &
Tamblyn, 1980, p. 18).
Constructivist foundation.
Regardless of the semantics, the PBL model exemplifies constructivist learning
theory and the principles of instruction (Savery & Duffy, 1995):
Some of the features of the PBL environment are that the learners are actively
engaged in working at tasks and activities which are authentic to the environment
in which they could be used. The focus is on learners as constructors of their own
knowledge in a context which is similar to the context in which they would apply
the knowledge. Students are encouraged and expected to think both critically and
creatively and to monitor their own understanding i.e., function at a metacognitive
level. Social negotiation of meaning is an important part of the problem-solving
team structure and the facts of the case are only facts when the group decides they
are. (p. 13)
In addition, Schmidt and Moust (2000) argued that through PBL students create theories
about the world. Because they work on the problems collaboratively with others and in
specific contexts, they actually construct new knowledge. PBL‟s roots lay in
constructivism.

41

Goals and characteristics.
The goals of PBL are simple. Hmelo-Silver (2004) explored the nature of learning
using PBL and attributed the following goals to this experiential learning concept: “It is
designed to help students 1) construct an extensive and flexible knowledge base; 2)
develop effective problem-solving skills; 3) develop self-directed, lifelong learning skills;
4) become effective collaborators; and 5) become intrinsically motivated to learn
(Barrows & Kelson, 1995)” (p. 240). In essence, then, PBL is not just about acquiring a
base of content knowledge pertaining to an issue or problem; it is also equally concerned
with the development of problem-solving skills (Barrows & Tamblyn, 1980).
At the heart of PBL is the ill-structured problem. Problems prove to be ill
structured when there is no one way to solve the problem nor is there necessarily one
right answer (Jonassen, 2000). In addition, these problems call for domain specificity;
therefore, they must be in an authentic context. They also possess unknown elements.
Solutions are not predictable or convergent. Oftentimes, disciplines must be integrated in
order to pose probable solutions (Jonassen, 2000). Both judgment and personal opinion
are needed. Many of PBL‟s features revolve around the ill-structured problem (Tat,
Preechaporn, & Kin, 2010). First, the problem has to be identified, often not a simple
feat. Information then must be compiled pertaining to the problem. Typically more
information must be obtained in order to find the solution (Tat et al., 2010). Students
debate potential solutions until they decide upon one solution.
PBL and traditional curriculum differ in multiple areas. Newman et al. (2003)
explained that the organization of the curricula, the learning environment, and the
outcomes of PBL varied greatly from the traditional approach. Instead of a subject or
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discipline approach, the curriculum centered on problems that were interdisciplinary. The
emphasis was on thinking and process skills over content knowledge. Instead of
individual students getting direct instruction from the teacher, the learning environment
stressed active learning where small groups were facilitated by a tutor or teacher
(Newman et al., 2003). In lieu of content attainment as the sole outcome, learning
outcomes focused on skill development such as problem solving, research, and
collaboration. The goal was life-long learning.
Brief history of PBL.
The use of PBL in educational settings began in McMaster University Medical
School in Canada in the early 1960s (Neufeld & Barrows, 1974). Barrows‟ goal was not
only to develop content knowledge in his medical students but to also develop the skills
needed to use the knowledge in real health care issues (Barrows & Tamblyn, 1980;
Goodnough, 2006). Barrows noticed that medical students were much less engaged in
their first two years of school that consisted of rote learning vast amounts of content;
interest and motivation increased dramatically, however, during their later residencies
when working with real patients and real problems (Walker & Leary, 2009). The
resulting McMaster Philosophy embodied several innovative concepts for the education
of doctors: self-directed learning, PBL, small group learning, nontraditional learning
resources, integrated learning, and an emphasis on the “facilitation of learning rather than
on teaching” (Neufeld & Barrows, 1974, p. 1050). Within a decade, two other medical
schools adopted PBL: the Netherland‟s University of Limburgh at Maastricht and
Australia‟s University of Newcastle (Savin-Baden & Major, 2004). By the 1980s,
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medical schools on six continents had adopted the model or a variation of it (Savin-Baden
& Major, 2004).
PBL was not restricted to medicine; the concept soon became embedded in other
disciplines. Health-related fields were the first to adopt PBL: nursing, pharmacy,
veterinary medicine, occupational therapy, and social work (Savin-Baden & Major,
2004). Since 1974, University of Limburgh at Maastricht has used PBL in seven of their
programs including medicine, psychology, law, and economics (Schmidt & Moust,
2000). They were the first to implement PBL in areas outside of the health-related fields,
but PBL quickly spread to other disciplines throughout the world: engineering, business,
architecture, forestry, political science, and more in Asia, Europe, Africa, North America,
Australia, and South America (Savin-Baden & Major, 2004).
By the 1990s, PBL began to be applied to the sciences, the arts, and humanities.
For example, Samford University in Alabama incorporated PBL into their general and
liberal arts curriculum in the late 1990s (Savin-Baden & Major, 2004). After initial
success, the Pew Charitable Trusts awarded a three-year grant to implement PBL across
the curriculum at Samford University and a follow-up grant to document the results
(Savin-Baden & Major, 2004). Three institutions of higher learning are currently
recognized for incorporating PBL across most disciplines: Samford, Maastricht, and
Aalborg in Denmark (Savin-Baden & Major, 2004). Within a few decades, PBL grew
from a strategy applicable to medical students in a single university to a concept adopted
and adapted by universities all over the world for students in many major disciplines.
In a natural progression, PBL expanded to secondary education. Leading the way
was the Illinois Mathematics and Science Academy (IMSA), a residential program for
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gifted high schoolers, that adopted PBL strategies and curricula in 1985 (Savery, 2006).
The Academy eventually created the Centre for Problem-Based Learning in 1992 (SavinBaden & Major, 2004) to provide training for teachers, create PBL curricula, and conduct
PBL research (IMSA, 2011). Middle and elementary schools soon joined the ranks of
those implementing PBL. Training for these tutors/teachers was found in multiple
venues. In addition to IMSA, educators were trained at the Problem-Based Institute in
Illinois and the Center for the Study of Problem-Based Learning at Ventures in Education
in New York (Delisle, 1997). PBL is now used in multiple disciplines for all age levels
K-16 and beyond (Savery, 2006) with how-to books for educators and school leaders
guiding its implementation (e.g., Delisle, 1997; Duch, Groh, & Allen, 2001; Savin-Baden
& Major, 2004). PBL curricula in science, social studies, language arts, and math are
available from many publishers and universities such as Prufrock Press (e.g., Stepien,
2009) and Kendall Hunt Publishing (e.g., College of William & Mary, 2007).
PBL research: Postsecondary.
Much of the PBL research focused in the medical arena. That research tended to
be more case study, quasi-experimental designs, or pretest/posttest instead of controlled
experiments (Hmelo-Silver, 2004). Two critical meta-analyses were conducted in 1993
that focused on PBL research in medical schools: one by Albanese and Mitchell, the
other by Vernon and Blake. These two seminal works formed the bases for many PBL
proponents. Albanese and Mitchell explored all English-language literature from 1972 to
1992 that compared PBL with traditional instruction. They found that medical students
who engaged in PBL not only had better problem-solving skills, but they also had better
clinical problem-solving skills. Additionally, they argued that the research showed these

45

students to have enjoyed their studies and were better prepared in the arenas of selfevaluation and data gathering. They were more nurturing as physicians, and many entered
the field of family medicine. Although PBL students were on par with the traditional
students in rates of passing the medical boards, there were some gaps in knowledge.
Moreover, students viewed themselves as less prepared.
Vernon and Blake (1993) conducted five separate meta-analyses of all research
from 1970 to 1993 that compared PBL to traditional teaching methods in medical
schools; some of their findings matched Albanese and Mitchell‟s (1993) while others did
not. The analyses consisted of 35 studies from 19 institutions. Their work revealed that
results tended to support PBL over traditional teaching methods. In particular, PBL was
found to be significantly superior on such frequently studied topics as students‟ attitudes
and opinions about their programs and on less frequently studied topics such as student
attendance, attitudes of faculty members, student mood, and measures of humanism.
Moreover, they concluded that the research showed no difference on the various tests of
both factual and clinical knowledge. However, students learning under PBL methods
scored significantly lower on the National Board of Medical Examiners Part I
examination. Vernon and Blake interpreted these findings to not be generalizable across
programs due to the variation in results depending on the institution. Thus, their metaanalyses showed overall positive support for PBL instruction in medical education.
Certainly research did not stop after the meta-analyses conducted in 1993. For
example, one study by Hmelo, Gotterer, and Bransford (1997) looked at problem-solving
processes in first- and second-year medical school students using PBL as the independent
variable. PBL students were shown to be significantly more likely to use hypothesis-
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driven logic in their reasoning than non-PBL students. There was also greater coherence
in their explanations of the case study.
A later review of literature (Koh, Khoo, Wong, & Koh, 2008) examined studies
from the earliest date available in the literature through 2006 focusing on the effects of
PBL medical school training on physician competencies after graduation (which ranged
from 1 to 23 years). Their criteria included PBL instruction during medical school,
physician competencies assessed after graduation, and a control group of traditionally
taught students. Culling 102 studies to 15 (then ruling out two due to methodological
inconsistencies), Koh et al. (2008) found that PBL had significantly positive effects on
physician competency especially in social and cognitive realms. Specifically both selfassessments and observed assessments indicated moderate to strong levels of evidence in
“coping with uncertainty (strong), appreciation of legal and ethical aspects of health care
(strong), communication skills (moderate and strong respectively) and self-continued
learning (moderate)” (p. 34). Their study also indicated a strong level of evidence against
PBL in regard to the possession of medical knowledge, according to the self-assessments.
The authors described how observers, however, found almost no difference between the
two groups perhaps due to the fact they looked for knowledge application in lieu of
knowledge possession.
Research did not totally focus on medical school. Schmidt and Moust (2000)
examined all the research conducted at Maastricht where PBL started at the medical
school then branched to many other disciplines. They found four main ideas in the results
of the research: (a) Quality problems have a vast influence on student learning in terms of
group dynamics, self-directed learning, and interest; (b) PBL is intrinsically motivating;
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(c) PBL activates prior knowledge which, in turn, has a significant impact on selfdirected learning; and (d) The ideal instructor in PBL is a tutor who is both a content
expert and an expert tutor (i.e., one that embodies all the tenets of PBL). They found a
direct positive correlation between subject-matter expertise of the tutor and student
achievement. PBL was shown to be overall effective in the university setting.
In addition, students learning in a PBL university environment tended to maintain
their study pace better than students taught in a traditional lecture-style classroom or a
classroom that blended lectures with activities (Severiens & Schmidt, 2008). In fact, in
this study that looked at first-year college students studying psychology in the three
learning environments, 66.3% of the students in PBL obtained the maximum number of
credit points possible versus 47.0% of those in the mixed methods course and 40.7% of
those in the conventional course. Moreover, this study indicated that students in a PBL
environment tended to integrate socially and academically more so than the other
learning environments. University faculty in PBL environments appeared to make more
effort in getting to know their students individually.
Just as PBL branched to other health care areas once it began in medical schools,
so did the research. PBL has also been studied in nursing education. Rideout et al. (2002)
summarized the findings of several studies:
First, learners from PBL curricula tend to be rated somewhat better in regards to
interpersonal communication and clinical performance. Second, there is a trend to
a somewhat better performance on standard examinations by learners from a
conventional curricula compared to those from PBL programs. Third, there is a
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fairly consistent finding that PBL students report a higher level of satisfaction and
enjoyment with their program than do learners from conventional curricula. (p. 6)
Their own study comparing possible differences in regard to clinical practice, perceptions
of clinical functioning, nursing knowledge, and level of satisfaction between graduate
students from a PBL nursing program and students from a traditional nursing program
supported previous research. Rideout and her colleagues‟ questionnaire results indicated
no significant differences in perceived clinical functioning although PBL graduates
scored higher in communication and self-directed learning. In contrast, their study
showed no significant difference in the registered nurse examination scores, but those in a
PBL environment scored significantly higher on perceptions of nursing knowledge.
Although there was no significant difference in perceived preparation, conventional
students scored higher in all areas. Finally, they found students learning in a PBL
environment to be more satisfied with their experience than those in a traditional learning
environment. An interesting note is that not long after the study, the nursing program
using traditional measures underwent a curriculum review and, subsequently, adopted
many PBL strategies.
As PBL spread outside the health disciplines, research followed. Several studies
were conducted with preservice teachers in schools of education. In a case study with two
preservice science teachers, Peterson and Treagust (1998) explored the possible impact of
PBL on pedagogical reasoning and knowledge base and found a positive correlation.
Senocak, Taskesenligil and Sozbilir (2007) also conducted a quantitative quasiexperimental PBL study with 101 preservice primary science teachers. Examining both
science achievement (i.e., on the topic of gases) and attitudes toward chemistry, the
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researchers found that PBL treatment students not only enjoyed the method of learning
more than their counterparts learning in a traditional format by finding it interactive,
practical, and relevant, but they also experienced significant skill gain compared to the
other treatment group, specifically in self-directed learning, critical thinking, literature
researching, and problem-solving.
Goodnough (2006) conducted a classroom action-based research study with her
33 preservice teachers in a science education course. Using field notes, interviews, and
student-generated documents, she evaluated her implementation of PBL in the classroom.
Although her findings were pertinent as she described the transformation of her
pedagogical content knowledge and her classroom practice, the study reinforced the fact
that PBL research has moved beyond the medical realm.
PBL research extends into other areas of teacher education. In a study focused on
teacher learning through PBL in context of elementary science education, Goodnough
and Nolan (2008) explored the role that pedagogical content knowledge (PCK) played for
teachers when using PBL instruction. Outcomes indicated teachers should be provided
with a PCK model before undertaking PBL instruction since PBL required a greater
teacher understanding of science content, increased student skills (e.g., problem-solving,
communication, paraphrasing, etc.), wider array of assessment strategies, and a variety of
teaching strategies.
From teacher education to nursing to medical school, PBL has been implemented
and that implementation has been studied.

50

PBL research: Favorable and unfavorable.
Charged with presenting a literature review evaluating PBL at the annual
Problem-Based Learning Conference 2000 at Samford University, Banta et al. (2001)
found both favorable and unfavorable outcomes in their Pew Charitable Trust-sponsored
review. Gleaned from multiple studies including the two landmark meta-analyses (i.e.,
Albanese & Mitchell, 1993; Vernon & Blake, 1993), they described the numerous
favorable outcomes of PBL:
Students learning via PBL professed greater satisfaction with learning experiences
than those taught in traditional ways;
They enjoyed and felt nurtured in the small-group;
They had better class attendance and less student distress;
They used resources differently in that they relied more on self-selected texts and
used libraries, journals, and online searches more frequently than their
counterparts;
They scored comparable to, if not better than, their counterparts;
They were confident in finding information; and
They had fostered self-directed learning.
Unfavorable outcomes were also presented:
Students using PBL initially had a steep learning curve;
Students who were successful in traditional lecture classes had a more difficult
transition;
Students believed that they covered less content and, thus, perceived they were
learning less;
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They might have gaps in their cognitive base;
Students lacked process skills to begin PBL;
Costs of PBL (i.e., training teachers, resources, materials, etc.) might be
prohibitive; and
Not all faculty believed in the benefits of PBL.
Certainly all of these points must be considered when educational leaders contemplate
whether or not to implement PBL.
Ward and Lee (2002) cited several barriers to PBL in their review of literature as
well. First was the drastic change in the role of the instructor. Teachers were no longer
bestowers of knowledge. They suggested that many teachers might have difficulty giving
up control. Another barrier was the lack of modeling. Most teacher education programs
relied on rote learning in their preservice teacher classes. Preservice teachers learned
about PBL only through reading about it, not through experiencing it. Another barrier
was the lack of ready-to-use PBL curricula. Although some boxed curricula existed (such
as the College of William & Mary‟s science and language arts units), there was certainly
not an abundance. A final barrier to PBL was the huge national emphasis on
accountability. PBL took time – time away from rote memorization and coverage of
concepts to be tested.
Citing a plethora of research against the effectiveness of minimal guidance during
instruction, Kirschner, Sweller, and Clark (2006) argued that PBL, along with inquirybased learning, discovery learning, experiential learning, and others, did not take human
cognitive architecture into account in their models; rather, “controlled experiments
almost uniformly indicate that when dealing with novel information, learners should be
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explicitly shown what to do and how to do it” (p. 70). Hmelo-Silver, Duncan, & Chinn
(2007) answered the charges against PBL and Inquiry Learning (IL) broached by
Kirschner et al. First, they argued that PBL and IL were not forms of discovery learning
with minimal guidance. Due to the highly complex scaffolding in both models, the
cognitive load was reduced for learners thus encouraging them to learn in complex
domains. Moreover, they systematically and thoroughly reviewed the literature
supporting the effectiveness in PBL and IL, at times including studies or meta-analyses
more favorable to PBL (e.g., Vernon & Blake, 1993) that had been omitted by Kirschner
et al. and at other times pointing out the lack of robustness in certain findings. Certainly
an objective yet critical eye should guide reviews.
Loyens, Magda, and Rikers (2008) conducted such an objective review. They
thoroughly examined the literature regarding PBL in light of Self-Directed Learning
(SDL) and Self-Regulated Learning (SRL). “In PBL literature, SDL refers to „the
preparedness of a student to engage in learning activities defined by him- or herself,
rather than by a teacher‟ (Schmidt 2000 p. 243).” Although most studies found positive
results in linking PBL to SDL, Loyens et al. argued that teacher and student perception of
SDL mattered most.
Many have commented on the ambiguous results of PBL studies (Drake & Long,
2009; Savery, 2006; Walker & Leary, 2009). For example, some studies argued that there
were no significant differences between students‟ acquisition of content knowledge in a
PBL classroom or a traditional one (Drake & Long, 2009; Stepien, Gallagher, &
Workman, 1993; Vernon & Blake, 1993) while others cited significant differences
(Albanese & Mitchell, 1993; Dods, 1997; Nowak, 2007). Walker and Leary (2009)
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conducted a meta-analysis of PBL research arguing that variances in findings were
probably due to the differences in PBL implementation or types of problems. Their metaanalysis included multiple disciplines unlike others done previously (i.e., Albanese &
Mitchell, 1993; Dochy, Segers, Van den Bossche, & Gijbels, 2003; Vernon & Blake,
1993). To be included in their meta-analysis, a study had to have both control and
treatment conditions, quantitative outcomes on student learning, an ill-structured
problem, student-directed learning, and tutors acting as facilitators. In total, 82 studies
with 201 outcomes from a range of disciplines across varied age groups were included.
Because sample sizes varied greatly in the studies (i.e., 8 to 2469), effect sizes were
weighted by sample size. They found that outcomes favored PBL overall with a small
effect size (dw = 0.13 +/-.025). PBL affected teacher education the most (dw = .64) and
engineering the least (dw =.05). A major find of the meta-analysis was the inclusion of 47
outcomes outside the traditional PBL fields of medicine and related health areas. They
also found that “PBL students either did as well as or better than their lecture-based
counterparts, and they tended to do better when the subject matter was outside of medical
education, a result that is bolstered by the multiple regression analysis” (p. 24). As
conjectured, problem type did play a role in the effects of PBL, explaining the variance
across fields.
PBL literature review: Mathematics.
Now that an examination of PBL history and research on the postsecondary level
has been presented, a literature review focused on this study‟s topics of science, math,
and gifted education proves pertinent.
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In O‟Brien‟s (2007) public plea for qualified personnel on the National
Mathematics Advisory Panel, he lamented: “Where do the panel experts stand on PBL
(problem-based learning) – a burgeoning and apparently very successful approach to
medical education and one that might be fabulously appropriate for math education?” (p.
665). This senior fellow in science for NATO readily acknowledged the potential PBL
has in the mathematics classroom. Roh (2003) agreed. In his article Problem-Based
Learning in Mathematics, he asserted that PBL encourages problem-solving skills,
critical thinking, creative thinking, and math communication skills. He believed
traditional mathematics instruction stifled students‟ creativity since students were
encouraged to follow procedures without necessarily having a conceptual understanding.
In fact, he emphasized that elementary students who learned basic addition algorithms
made more errors than those who created their own (Kamii & Dominick, 1997). Roh
also stated that PBL students “typically have greater opportunity to learn mathematical
processes associated with communication, representation, modeling, and reasoning” (p.
3).
Cerezo (2004) explored the impact that PBL in middle school math and science
had on at-risk female student self-perceptions. Her qualitative case study found multiple
correlations on self-perception including self-regulated learning, specifically the use of
library, concentration, timely homework completion, and participation in discussion. The
participants believed themselves to be better organized, better able to pay attention and
keep on task, and more likely to turn in their homework. Cerezo found a strong
correlation between PBL and increased student self-efficacy, self-concept, and
understanding on complex topics.
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Not only did PBL afford students new opportunities, it also provided teachers
with opportunities for growth. In a year-long case study of a middle grades math teacher
incorporating monthly PBL mini-units into her instruction, McDuffie and Mather (2006)
found that the educator dramatically shifted her views toward instructional materials. She
“reified” the text by transitioning away from having the text mandate instruction to
having the text serve as an instrument of instruction. Throughout the year, she relied
more heavily on outside resources as she focused on student engagement in mathematical
thinking and student communication about mathematical concepts. The authors suggested
the importance of teacher support through resources when initiating PBL.
PBL literature review: Science.
PBL with its constructivist roots ties in naturally with science education. Driver et
al. (1994) strongly argued for a constructivist approach to science education: “The view
that knowledge cannot be transmitted but must be constructed by the mental activity of
learners underpins contemporary perspectives on science education” (p. 5). Moreover,
they found that “the core commitment of a constructivist position, that knowledge is not
transmitted directly from one knower to another, but is actively built up by the learner, is
shared by a wide range of different research traditions related to science education” (p.
5). That “building up” is accomplished on both an individual and social level. PBL, since
its theoretical roots are in constructivism, is an ideal approach to science education. Cakir
(2008) also linked constructivism to science education arguing that as students‟
conceptual knowledge evolves over time, their misconceptions naturally disappear;
learning is a social process, so dialogue is critical; and that hands-on learning is not
sufficient – it must also be minds-on to challenge existing student conceptions. He argued
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that conceptual understanding should replace rote memorization, calling for science
teachers to stress science process over science content.
Multiple studies have been conducted on the secondary level to examine PBL in
science education. For instance, Sungar, Tekkaya, and Geban (2006) conducted a study
with 61 tenth graders from Turkey studying a unit on the human excretory system. Those
students in the PBL treatment group earned significantly higher scores than the control
group in regard to science achievement (M = 21.03, M = 17.75 respectively) and
performance skills (M = 22.39, M = 1.49 respectively). Not only were they better able to
organize and use relevant information, but they made stronger conclusions. PBL students
believed that the cooperative approach of PBL coupled with the practical application of
knowledge contributed to their learning. A later study with two of the same researchers
(Sungar & Tekkaya, 2006) found that PBL enhanced high school students‟ self-regulation
skills, both in regard to motivation and learning strategies. The treatment group listed
challenge, curiosity, and mastery as reasons to take on a task.
Tarhan and Acar‟s 2007 study of PBL with an 11th-grade chemistry class showed
that PBL treatment students achieved 33% higher than the control in cell content
knowledge. They argued that PBL is highly effective in both the formation of knowledge
and the improvement of social skills. In another secondary study, Guerrera and Lajoie
(1998) focused on the impact that PBL had on student interaction in an all-female 9thgrade biology class. Creating groups based on ability (i.e., students of average ability
paired with students of high ability, students of high ability paired with other high ability
students, and students of average ability grouped together), they found all groups to be
successful at negotiating roles and materials needed. The only significant difference was
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in leadership. Those groups of equal ability shared the division of power while in groups
of mixed ability, those of higher ability tended to dominate the group by giving more
directives.
Chin and Chia (2004) found that students learned more when the content was
related to real life issues with which students identified. Their 18-week study of a 9thgrade biology unit on food and nutrition differed from other PBL studies in that it
focused on Question-Driven PBL (Q-DPBL). Q-DPBL argues that student questions
drive learning and that student-generated problems via self-composed narratives increase
interest and motivation. They discovered that students‟ self-generated questions and
problems were inspired by their own experiences such as cultural beliefs and folklore,
media, personal experiences, and previous learning.
A study by Wong and Day (2009) focused on students aged 12 and 13. One
teacher taught both the treatment and control groups two units: one of traditionally high
student interest (i.e., reproduction) and one of low interest (i.e., density). They found that
students learning via PBL achieved higher order learning goals, higher motivation
through curiosity, and better retention in both units (42% positive change for control
compared to 79% positive change for treatment in reproduction unit; 35% positive
change for control compared to 162% positive change for treatment in density unit.) As
evidenced by this study and the preceding secondary studies, PBL has had positive
outcomes on students in secondary science.
PBL studies have also been conducted with elementary science students. PBL was
included in a series of 21 case studies of elementary science teachers that examined the
role of Contextual Teaching and Learning (CTL) in their science classrooms (Glynn &
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Winter, 2004). CTL also included inquiry, project-based learning, cooperative learning,
and authentic assessment. Researchers found CTL to foster collaboration with students,
increase the activity levels of learning, connect learning to the real world, and integrate
science with other content areas.
PBL tends to have an impact on at-risk elementary populations as well. A quasiexperimental study of two 4th-grade classrooms (Drake & Long, 2009) focused on the use
of PBL in science instruction. Student demographics included 67% minority, 18% ELL,
and 80% students qualifying for free and/or reduced lunch. Despite the fact that the
comparison group (n=16) significantly outscored the treatment group (n = 17) in the
pretest for science content knowledge in magnetism and electricity, the treatment group
outscored the comparison group in the first posttest given the last day of the unit (M =
12.5, M = 11.93 respectively); on the second posttest administered to randomly selected
students four months later, both groups had almost identical scores (M = 11.75, M =
11.78). The researchers interpreted these results to indicate that PBL instruction resulted
in significant content attainment (more so than traditional instruction) and content
retainment (equal to traditional instruction.) The treatment group also experienced more
time on task (by 10 percentage points) and less inappropriate and nonproductive behavior
than the comparison group. Moreover, Drake and Long discussed the collateral learning
that took place: The treatment group could better identify problem-solving strategies and
possible resources than the comparison group four months after treatment plus the
treatment group had a less stereotypical view of a scientist. In spite of the small sample,
the researchers argued that PBL has strong promise in elementary science instruction and
learning.

59

PBL literature review: Gifted education in secondary classrooms.
PBL is a natural fit for gifted education with its emphasis on problem-solving,
critical thinking, creative thinking, and inquiry as delineated in the Pre-K-Grade 12
Gifted Programming Standards (NAGC, 2010). One major criticism of PBL, however,
has been that breadth or content coverage was sacrificed for depth of content processing.
A study by Nowak (2007) found that traditional instruction resulted in 8th-grade gifted
and talented students learning fact-based content at a much higher rate than students
learning in a PBL environment. In fact, students learning in traditional environments
increased their scores on pretests and posttests in an Astronomy unit by an average of 15
points while PBL students only increased 3.58. Tests were multiple-choice generated via
a CD-rom accompanying the text. Nowak stressed that in a high stakes environment it is
important to blend PBL with traditional instruction. However, a high stakes
accountability system assesses neither process nor product, two strengths of PBL.
An action-research study focusing on gifted sophomores in a residential science
and math academy addressed that criticism but with very different outcomes (Gallagher
& Stepien, 1996). The study compared content acquisition after traditional instruction
and after PBL in an American Studies class. Researchers wanted to explore the
controversy of depth (i.e., process-based instruction) versus breadth (i.e., traditional
instruction) in regard to student learning. The researchers concluded that PBL did not
sacrifice content attainment – those students actually saw the greatest gain. This study
added to the already existing literature that supported “teaching for depth of
understanding also facilitates retention of facts” (p. 270). Also reporting those results
were Stepien et al. (1993). Their study determined that gifted high school students at a
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residential gifted school who were involved in two classes that incorporated PBL (i.e., a
senior elective course Science, Society, and the Future and an American Studies course)
learned just as much factual information as the comparison group. Depth did not sacrifice
breadth. Dods (1997) also found PBL to be more effective in terms of depth of
understanding of biochemical content for gifted high schoolers than either traditional
learning or a combination of traditional learning and PBL. He also argued that decay of
understanding was less in the PBL treatment group. Moreover, the students believed they
learned more thoroughly even though they felt as if they had not covered as much
material.
Gallagher et al. (1992) added to the secondary school literature by exploring the
effects of PBL on problem solving. Their quasi-experimental study in a state residential
gifted school for science and math found that students who had participated in an
experimental problem-based course increased the number of problem-solving steps on
their own when faced with new ill-structured problems. These students spent more time
on the Problem Solving step which was interpreted positively since more students spent
time deliberating to find the right problem. The use of brainstorming, however,
significantly decreased in this treatment group, perhaps, the authors reasoned, because
they focused more on the novel steps in PBL, and Brainstorming was not a novel step for
them.
PBL literature review: Gifted education in elementary schools.
McAllister and Plourde (2008) described an appropriate curriculum for students
gifted in math as one that would emphasize inquiry-based, discovery learning; openended problem solving with multiple solutions or multiple paths to solutions; and
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working with others of like ability. PBL would be a perfect match. In fact, Renzulli and
Reis‟s Schoolwide Enrichment Model (1997) embraced PBL as a recommended strategy
for talent development in all fields.
VanTassel-Baska et al. (1998) conducted a study similar to the current one. This
large study (N = 1471) with a national sample (i.e., 45 treatment classes and 17
comparison classes across seven states) explored the effectiveness of PBL science
curriculum with high ability students in Grades 4, 5, and 6. Using curricula based on the
science curriculum standards blended with the Integrated Curriculum Model (which was
designed with gifted learners in mind), 42 teachers received training and taught the
problem-based unit Acid, Acid Everywhere while 17 teachers taught science as usual in
their comparison classrooms. The Diet Cola Test (DCT; Fowler, 1990) was used to assess
science process skills pre- and post-treatment. Using analysis of covariance, researchers
found significant differences in integrated science process skills between the
experimental and comparison groups (F = 32.86; p < .001) with a high effect size based
on Cohen‟s d (1.30; η2 = .29). Moreover, they revealed through qualitative data that
William & Mary curriculum materials proved motivating and engaging to both students
and teachers. Likert scale ratings indicated that several areas rated high: appropriateness
of unit goals, active participation of students, motivating activities, and a match between
ability and activities. The study emphasized the importance of using challenging,
advanced curricula with high ability students. Multiple similarities existed between this
study and the one described herein. Both utilized William & Mary PBL science units for
elementary students, including Acid, Acid Everywhere. Moreover, the population was
virtually the same: third through fifth graders who showed high promise and ability in
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science. Lastly, the measure for science process skills, Fowler‟s DCT (1990), was the
same.
In another study similar to the present one, Gavin et al. (2009) conducted a quasiexperimental quantitative study entitled Project M3 to determine if there were a difference
in math achievement between mathematically promising elementary students exposed to
a challenging PBL math curriculum and mathematically promising elementary students
exposed to traditional mathematics instruction. Ten schools from two states participated.
Results for all three grade levels (i.e., 3, 4, and 5) in both experimental groups (n = 193; n
= 177) showed students scored significantly higher on the math assessment than the
comparison group (n = 211). The Cohen d effect sizes were small to medium (.29 to .59;
η2 = .02; η2 = .08). Analysis of the open-response items (coded and analyzed) also showed
significantly higher scores for the treatment groups with medium to large Cohen d effect
sizes (.69 to .97; η2 = .11; η2 = .19).). “These results indicate that both of the Project M3
experimental groups, on average, outperformed comparison students on both the ITBS
concepts and estimations and the Open-Response Assessment in Grades 3, 4, and 5” (p.
197). However, due to nonrandom teacher selection and the confounding variable of
myriad professional training teachers received, these results could not be generalized with
great confidence. This study related to the proposed study in several ways. First, both
utilized Project M3: Mentoring Mathematical Minds PBL math units. Likewise, the same
type of student was studied: third through fifth graders showing high promise and ability
in math. An important link to the current study is the low socio-economic backgrounds
of the sample. The fact that the schools averaged 52% of their students qualifying for free
and/or reduced lunches directly parallels the current study‟s population.

63

As discussed above, PBL had the potential to impact all learners on all levels in
all disciplines, including the gifted and talented and including the underrepresented
populations. Many of the benefits mentioned from self-regulation as a learner to creative
problem-solving to longer retention could help prepare students to be life-long learners
and positive contributors to the 21st century.
Conclusion
The purpose of this chapter was to provide pertinent information and research to
substantiate the current study. Although numerous studies have explored the effects of
PBL on student achievement, most focused on the postsecondary level with the majority
in the medical field. Certainly studies have been conducted looking at PBL in secondary
and elementary classrooms, but few of those focused on the gifted population – especially
on the elementary level. Fewer still looked at math and science with those high ability
students in spite of the national urgency of developing talent and achievement in the
STEM areas. As for underrepresented gifted populations, the pool is even smaller. The
need is great to find and nurture young children of high potential and high ability in order
to develop their gifts and talents, especially those from underrepresented populations.
This is a must if the United States is to remain globally competitive.
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Chapter 3: Methodology
This study addressed the effectiveness of PBL in math and science for elementary
children of high potential and high ability, specifically those of low socio-economic
status. It investigated the following research questions:
Research Question 1: What is the impact of two years of problem-based learning
intervention and the demographic variable of socio-economic status on growth in math
achievement for high potential and high ability elementary students?
Research Question 2: What is the impact of two years of problem-based learning
intervention and the demographic variable of socio-economic status on growth in science
process skills for high potential and high ability elementary students?
This chapter describes the research methodology utilized in the study. Since the data stem
from the federally-funded Javits Project GEMS, the chapter briefly addresses the research
methodology of the grant as well. Chapter 3 begins with a discussion of the participants
including the process of identification and placement into treatment groups. Both the
identification measures and growth measures are described and evaluated. Following that,
the research design is explained for both the grant and the current study. A detailed
discussion of the procedures comes next in the chapter. It ends with a description of the
data analysis measures in relation to each research question.
Participants
Participants for this study were selected to participate in Project GEMS. Initially,
six schools were chosen by the superintendent for the grant proposal. Based on school
demographics, the superintendent determined which schools would be in each treatment
group and which schools would be the control schools. Principals and faculties of those
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schools gave their approval before being written into the proposal. Per requirements for
the Javits, all had to have at least 50% of the population eligible for free and/or reduced
lunch; the six schools ranged from 52.3% to 73.8% of the population being eligible for
free and/or reduced lunch. Other underrepresented categories were also pertinent
including Non-White populations with four of the six schools having over 25% of their
populations Non-White. English Language Learners comprised up to 21% of the schools‟
populations. However, with the exception of the consistently large free and/or reduced
lunch demographic among the schools, the other demographics had such low percentages
in several of the school populations that there was little hope of having substantial
differences among the identified students. Table 1 highlights the schools‟ demographics
in the initial proposal year.
Identification process for Project GEMS.
Since one main objective of Project GEMS was to “establish a protocol for
recognizing and identifying advanced ability in science and math among elementary
students” (Roberts & Inman, 2008, p. ii), researchers wanted to follow best practice.
Identification of gifted children has long been “a perennially difficult topic” (Borland,
2008, p. 261) in the field of gifted education. Because of the many issues associated with
identification, especially with underrepresented populations (Passow & Frasier, 1996),
Lohman (2009) argued for a different approach to identification, one based on academic
aptitude. One of the major issues when attempting to identify talent in underrepresented
populations is the aspect of norm referencing: “Those who do not understand the
relativity of norms – especially on ability tests – miss the easiest and most effective way
to identify minority students who are most likely to develop academic excellence”
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Table 1
2007-2008 Percentage Demographics of Participating Project GEMS Schools

Group

F/RL

NW

ELL

PTP/GT

IEP/504

Total

School A

57.9

34.5

10.5

37.5

20.3

400

School B

73.8

34.0

20.8

09.8

16.9

735

School A

59.2

26.7

07.3

18.6

13.6

559

School B

52.3

10.5

00.8

24.3

24.3

400

School A

69.2

26.4

09.1

18.9

22.8

254

School B

65.4

02.9

00.7

26.9

14.3

446

Treatment 1 (Magnet)

Treatment 2 (Target)

Control

Note. F/RL = Free and/or Reduced Lunch; NW = Non-White; ELL = English Language
Learners; PTP/GT = Primary Talent Pool and Gifted and Talented; IEP/504 = Individual
Education Plans or 504 Plans.
(Lohman, p. 976). Too often school districts and others rely on nationally normed
referenced tests when, in actuality, local norms are much more appropriate (p. 975).
Lohman suggested an identification method that used ability test scores with multiple
norms including local and even subgroups within the local populations (e.g., English
Language Learners). Those scores would then be combined for one verbal/reasoning
score and one mathematical/quantitative score. In addition to those scores, teacher ratings
would be incorporated and compared to the scores. Aptitude would then be based on the
group itself, and greater identification of underrepresented populations would occur.
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In determining an ideal protocol for identification, Project GEMS followed
Lohman‟s suggestions. Local norms were used on the math and science subscores of the
Iowa Test of Basic Skills (ITBS), Form C (Hoover, Dunbar, & Frisbie, 2007). Students
were selected based on their relative scores to others in their grade and school. In addition
to the ITBS, the nonverbal subscore from the Cognitive Abilities Test (CogAT; Lohman
& Hagen, 2001a) was used. As discussed by Lohman (2008), teacher input was also a
factor. The Project GEMS Evaluator created Teacher Identification Form: Science and
Teacher Identification Form: Math to be part of the identification protocol. Currently in
the development stage, student self-reports in math and science will be added to the
selection equation once they are finalized. All standard scores were transformed into zscores based on means and standard deviations across the six schools for each grade. Zscores were calculated for the five measures individually. Composite z-scores based on
the combined five measures were used to select students. The composite scores for
overall identification (i.e., ITBS math, ITBS science, CogAT, Teacher Identification
Form: Science, and Teacher Identification Form: Math) were used to identify the top 25
students in each grade (i.e., second through fifth) at each of the six elementary schools in
Spring 2009 so that students could begin treatment in Fall 2009 as third through sixth
graders.
ITBS.
The ITBS has a long-standing reputation of being the “most venerable
standardized, norm-referenced achievement test batteries in existence today” (Engelhard,
2007, para 18). The total composite measure has high internal consistency coefficients (r
= middle .80s to low .90s) based on the Kuder-Richardson Formula 20 (Engelhard, 2007;
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Lane, 2007). Equivalent-forms reliability between Forms A and B are high with
correlations in the high .70s and .80s (Lane, 2007). Based on the information from the
2000 national standardization, the stability coefficients are equally high (Lane, 2007). As
to validity, the authors of the test emphasize the importance of item-by-item examination
by schools, districts, and states to establish curricular relevance (Engelhard, 2007). The
process used to design the test followed the national standards for test design (Lane,
2007). Correlations among subtests and composite scores are moderate to high in regard
to internal validity, and standard errors of measure are similar in regard to gender and
ethnicity (Lane, 2007).
CogAT.
Likewise, the psychometrics for the CogAT are strong. It was standardized in
2000 in conjunction with the ITBS (Lohman & Hagan, 2001b). Lohman (2008) found the
CogAT to be more reliable than several other measures assessing aptitude including the
Wechsler Intelligence Score for Children (WISC-IV), Otis-Lennon School Ability Test,
and the Naglieri Nonverbal Ability Test. As to construct validity, there is a strong
correlation between the CogAT composite (including the nonverbal section) and WISCIV full-scale score which includes Perceptual Reasoning (r =.79) (Lohman, 2008).
Lohman argued that the measure is “excellent for predicting current and future academic
achievement” (slide 54) because of the strong within-battery predictions (i.e., nonverbal
with math r = .4 to .7); moreover, he found the predictions to be the same for all
ethnicities.
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Teacher measures.
Psychometrics for the Project GEMS-generated Teacher Identification Form:
Math and Teacher Identification Form: Science are also strong (Roberts, Inman,
Wininger, & Tassell, 2010). For the science measure, the overall reliability across the
grades was .87 which indicates confidence in the internal consistency. Moreover, validity
was established through moderate correlations between student scores on the ITBS
science section and their ratings on the identification form; correlation coefficients were
significant at the .01 level (third grade, r = .34; fourth grade, r = .41; and fifth grade, r =
.38). Similar results were found on the math identification form. It had high internal
consistency via coefficient alpha across the grades (α = .93). Correlation coefficients
between the form and the math subsections of the ITBS were found to be significant at
the .01 level (third grade, r = .38; fourth grade, r = .42; and fifth grade, r = .46). Both
measures, then, demonstrate adequate reliability and validity.
Project GEMS participants.
In each of the six schools, the 25 students in Grade 3, Grade 4, Grade 5, and
Grade 6 with the highest identification composite scores were placed in grade-level target
classrooms. All were assessed with growth measures. Although 15 per grade per school
was the target number in the research design (and only 15 third graders, 15 fourth
graders, 15 fifth graders, and 15 sixth graders attended the GEMS Academy from
Treatment 1 schools), the additional 10 in each Treatment 1 and Treatment 2 classes
received PBL instruction and were assessed. The additional 10 in the Control schools
were also assessed. These additions helped in data gathering given the transiency of the
students. When spaces opened up in the fall due to transiency, replacement students were
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taken from the identification lists based on the data from the previous spring. The
replacement protocol afforded students who had moved into the district the past year the
chance to participate in Project GEMS.
Informed consent for identification for Project GEMS and participation in Project
GEMS which included baseline and growth assessment was obtained from parents via an
Opt Out Form that parents returned only if they wanted their child to opt out of or not
participate in the grant. In addition, student assent was obtained. The Institutional
Review Board of Western Kentucky University granted permission for all data
obtainment in Project GEMS. The current study received additional approval to use the
data collected from the grant. Copies of all forms are located in Appendix A.
Measures
Once students were selected, baseline data were gathered using The Test of
Mathematical Abilities for Gifted Students (TOMAGS; Ryser & Johnsen, 1998a),
William & Mary‟s Test of Critical Thinking (TCT; Bracken et al., 2003), and the Diet
Cola Test (DCT) by Fowler (1990) which focuses on science process. Each spring these
same measures were administered to assess growth. Since the current study only
examined math and science growth, a discussion of the psychometrics of the TOMAGS
and DCT proves pertinent.
TOMAGS.
The TOMAGS is a standardized norm-referenced test based on the National Council
for Teachers of Mathematics standards (Ryser & Johnsen, 1998b). Both the Primary and
Intermediate versions focus on problem solving and have open-ended questions.
Designed for children ages 6 to 9, the Primary TOMAGS has a range of 0 to 39. The
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Intermediate TOMAGS, created for students aged 9 to 12, has a range of 0 to 47. Ryser
and Johnsen (1998b) put TOMAGS through rigorous validity and reliability tests. They
demonstrated content validity in two ways: by providing a strong rationale for both
content and format of scale and through statistical evidence via an item analysis. The test
creators conducted an extensive examination of critical items to include when identifying
mathematical giftedness then ran multiple pilots over several years. Ultimately items
were divided into Primary and Intermediate versions of TOMAGS. A final item
discrimination analysis was done using the entire normative sample (p. 33). Via the point
biserial correlation technique wherein items are correlated with the total scale score,
items were statistically determined to have content validity with median item
discrimination coefficients of .44 for Primary TOMAGS and .31 for Intermediate
TOMAGS. Evaluators gauged statistical significance at .30. Additionally, all final items
included were determined to be consistent with current knowledge as described by the
National Council of Teachers of Mathematics curriculum standards. Although
unexamined as to its predictive nature, TOMAGS was shown to have criterion-related
validity (i.e., concurrent validity) through comparison of it with other related measures
examining giftedness in mathematics. Primary TOMAGS was shown to have significant
correlation with the Total School Ability Index of the Otis-Lennon School Ability Test (r
= .67), the Quantitative score of the CogAT (r = .73), and the Mathematics Total Score of
the Stanford Achievement Test (r = .62), Intermediate TOMAGS was shown to have
concurrent validity via correlation with both the Quantitative score of the CogAT (r =
.67), and the Mathematics Total Score of the ITBS (r = .44). TOMAGS was shown to
have sufficient validity when used with gifted populations.
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As to reliability, the TOMAGS can be used with confidence (Ryser & Johnsen,
1998b). Test creators looked at three types of errors: content sampling, time sampling,
and scorer differences. Regarding internal consistency reliability of the items, the average
Cronbach alpha for all ages was .90 for TOMAGS Primary and .86 for TOMAGS
Intermediate, thus indicating strong internal consistency. Two studies, one with
TOMAGS Primary and the other with TOMAGS Intermediate, were conducted with 30
gifted students over a two-week period. Using the test-retest technique, reliability was
high (r = .84 for Primary; r = .94 for Intermediate). Lastly, scorer differences were
minimal with two scorers examining 38 primary protocols and 46 intermediate protocols
(r =.99). The overall reliability coefficient for both Primary and Intermediate TOMAGS
was extremely high (r = .93).
DCT.
Fowler‟s DCT (1990) was originally created for identifying late elementary-aged
children who are gifted in science, but it was found to be valid for measuring the
evaluation of the scientific process (Adams & Callahan, 1995). Because there was not a
significant correlation between the science subsection of the ITBS and the DCT in an
initial pilot study of the DCT, Adams and Callahan (1995) determined the DCT did not
measure specific content knowledge or achievement. Therefore, they ran a second study
looking at the reliability of using the DCT for evaluation of science process. The
evaluators utilized a test-retest method with alternate forms of the DCT with a sample of
187 gifted fifth through eighth graders at a two-week summer enrichment camp and had
significant findings (r = .76). Moreover, interrater reliability was high (α =.95).
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The DCT asks an open-ended question (i.e., Are bees attracted to diet cola? or
equivalent) in which students‟ answers design an appropriate experiment. The emphasis
is on scientific inquiry. Scores range from 0 to 21, with each scientific process
component awarded 0 to 2 points. Evaluators ran an analysis of covariance (ANCOVA)
using data from the two-week summer enrichment camp with the DCT pretest as the
covariate and the DCT posttest as the dependent variable (Adams & Callahan, 1995). An
independent variable was group membership based on the type of curricula used – one
curriculum focused on designing experiments while the other was traditional science
instruction. The ANCOVA found a significant difference between the groups (p < .0001)
thus providing content evidence of validity for the use of the DCT in evaluating science
process skills. The empirical evidence attested to both validity and reliability in using the
DCT as an evaluation instrument “for assessing the effects of a process-oriented
curriculum in science” (p. 19). An additional positive to the instrument was its ease in
training scorers.
Research Design
Because the current study was based on the data gathered in Project GEMS, a
discussion of both research designs was deemed important.
Project GEMS.
Project GEMS was set up as a quasi-experimental study comparing achievement
levels of elementary children who have high ability or show potential of having high
ability in math and science from three treatment groups. Treatment 1 students attended a
magnet program (i.e., GEMS Academy) one day a week located near the school district‟s
central office. Third graders went on Monday, fourth graders on Tuesday, fifth graders on
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Wednesday, and sixth graders on Thursday. GEMS Academy teachers had extensive
training in PBL and earned endorsements in gifted education. When in their home
schools, Treatment 1 students were grouped in the same class. In some grades and
schools, science and math were taught by the same teacher; in other schools, different
teachers taught the separate subjects. All target classroom teachers had professional
development in PBL in math and science as well as gifted education. Curricula came
from other Javits grants. The science units were developed by the College of William &
Mary‟s Center for Gifted Education while the math stemmed from M 3: Mentoring
Mathematical Minds from the University of Connecticut. In addition, GEMS Academy
teachers created their own integrated PBL math and science units.
Treatment 2 students did not attend the GEMS Academy, but they were grouped into
target classrooms for math and science. Except for the GEMS Academy, students
received the same treatment as those students in Treatment 1 (i.e., grouped into target
classrooms for math and science instruction taught by teachers trained in PBL and
gifted).
Two schools served as Control schools. Although the selected students were grouped
for science and math instruction as those in Treatments 1 and 2, they received non-PBL
instruction.
Current study.
Technically, since the current study involves examining the data already collected
and not manipulating variables, it is ex post facto research (Wiersma & Jurs, 2009). Of
course, the data were collected in the quasi-experimental design described above;
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therefore, the design was not one that occurs in natural settings as is the case with most
ex post facto or causal-comparative research (Wiersma & Jurs, 2009).
Procedures
Project GEMS was funded in late August of 2008 to begin in the 2008-2009 school
year. After parental consent and student assent were attained, students in third through
sixth grades at the six schools took identification measures in the spring of 2009.
Teachers of math and science in those grades completed the Teacher Identification Form:
Math and Teacher Identification Form: Science. Students were selected for the program
under the guidelines described in Identification.
Identified students were placed in target classrooms at the beginning of the 20092010 school year. Baseline data using the TOMAGS, TCT, and DCT were collected in
early fall from all identified students in the six schools. In Treatment 1 schools, the top 15
students in third, fourth, fifth, and sixth grades began the GEMS Academy that fall and
continued through the 2010-2011 school year. They received PBL instruction in math and
science using William & Mary and M3 units plus original interdisciplinary units designed
by Academy instructors. Tables 2 and 3 outline the curricula taught in both Treatment
groups in both years. The top 25 in each grade in Treatment 1 and Treatment 2 groups
received PBL instruction in math and science. One math unit was taught each semester
for a total of two per grade level. One science unit was taught each year.
Teachers from Treatments 1 and 2 received professional development in science and
math content and in PBL beginning in summer 2009. Trained consultants from M3 and
William & Mary conducted the professional development. This training continued
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Table 2
Science PBL Units Taught

2009-2010

2010-2011

GEMS Academy
Grade 3

Dig It

*Sustainability

*Engineering

*Independent Investigations

Dig It

*Sustainability

*Engineering

*Independent Investigations

Electricity City

*Sustainability

*Anatomy and Physiology

*Independent Investigations

Electricity City

*Sustainability

*Anatomy and Physiology

*Independent Investigations

Grade 3

What’s the Matter?

What’s the Matter?

Grade 4

Where’s the Beach?

Weather Reporter

Grade 5

Acid, Acid Everywhere

What a Find

Grade 6

Acid, Acid Everywhere

No Quick Fix

Grade 4

Grade 5

Grade 6

Target Classrooms

Note. Science units were part of the curricula developed by Center for Gifted Education
at The College of William & Mary, 2007. Copyright by Kendall/Hunt Publishing
Company. *Indicates original unit designed by GEMS Academy instructors.
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Table 3
Math PBL Units Taught
2009-2010

2010-2011

GEMS Academy
Grade 3

Grade 4

Grade 5

Grade 6

Awesome Algebra

Awesome Algebra

Digging for Data

Digging for Data

At the Mall with Algebra

At the Mall with Algebra

Analyze This!

Analyze This!

Record Breakers…

Record Breakers…

What Are the Chances?

What Are the Chances?

Record Breakers…

*Puzzling Proportions

What Are the Chances?

*Sizing Up Solids

Unraveling the Mystery…

Unraveling the Mystery…

What’s the Me…

What’s the Me…

Factors, Multiple…

Factors, Multiples…

Getting into Shapes

Getting into Shapes

Treasures from the Attic

Treasures from the Attic

Funkytown Fun House

Funkytown Fun House

Treasures from the Attic

*A Balancing Act

Funkytown Fun House

*Notable Numbers

Target Classrooms
Grade 3

Grade 4

Grade 5

Grade 6

*Sizing Up Shapes
*Fraction Times
*At This Rate
Note. Math units were part of Mentoring Mathematical Mind (M3) Series by M. K. Gavin,
L. J. Sheffield, S. H. Chapin, & J. Dailey, 2008. Copyright by Kendall/Hunt Publishing
Company. *Sixth grade math units were part of Math Innovations by M. K. Gavin, L. J.
Sheffield, S. H. Chapin, & J. Dailey, 2008. Copyright by Kendall/Hunt Publishing
Company. Treatment 1 and 2 schools adopted the curriculum for the entire sixth grade in
2010-2011.
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throughout the grant with modeling and coaching. In total, close to 100 educators and
administrators received a total of 655 hours of professional development as Table 4
describes. Teachers completed the Stages of Concern Questionnaire (SEDL, n.d.) as part
of the Concerns-Based Adoption Model (CBAM) to monitor their concerns regarding
implementing PBL in science and/or math and to monitor their commitment to it.
Baseline scores were taken before the educators had professional development. Educators
took the same survey each spring to determine possible growth.
Table 4
Professional Development Hours for School Personnel.

Training

Science

Modeling

Math

Science

Coaching

Math

Science

Math

Grade 3

18

60

18

18

12

6

Grade 4

18

56

18

18

12

6

Grade 5

18

56

18

18

12

6

Grade 6

18

69

18

18

12

6

Academy

30

36

4

18

2

4

ECCs

24

18

0

0

0

0

Note. Academy = Project GEMS Academy instructors. ECCs = Elementary Curriculum
Coordinators.
In order to increase fidelity of treatment, teachers completed Teacher
Reflection/Feedback Forms and Pre-/Posttest Data Collection Forms for each unit. In
addition, observations were completed by trained educators. In 2009-2010, elementary
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curriculum coordinators and principals at Treatment 1 and 2 elementary schools observed
teachers once during a PBL math unit and once during a PBL science unit. Due to
administrative time constraints, an outside evaluator trained by the same professional
development consultants who trained the teachers performed the observations in 20102011. Sample forms can be found in Appendix B. Pre- and post-test data were also
recorded for PBL units.
Data Analysis
Identification, demographic, and growth data were entered into SPSS 19 for
analysis. Research Question 1 was multifacted: What is the impact of two years of
problem-based learning intervention and the demographic variable of socio-economic
status on growth in math achievement for high potential and high ability elementary
students? The independent variable is a discrete one: PBL. Growth in math, a continuous
variable, is the dependent variable (DV). Growth in math was measured across two years
of implementation: before treatments began (Fall 2009), after one year of treatment
(Spring 2010), then again after two years of treatment (Spring 2011). Only students who
participated in all three assessments were included in the study; these included those in
Grade 3, Grade 4, and Grade 5 in Fall 2009. For analysis of data, students were grouped
according to their socio-economic status based on two categories: those who qualified for
free and/or reduced lunch or those who paid full price for lunch. Since one independent
variable (i.e., PBL) was being used with two socio-economic levels in three groups (i.e.,
magnet program, target classrooms, and control) during a two-year window, a 2 x 3 x 3
Mixed Method Analysis of Variance (ANOVA) was an appropriate statistical method for
analyzing the differences in means (Shavelson, 1996). This analysis included two
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between-group factors (i.e., treatment and socio-economic status) and one within-group
factor (i.e., DV).
The only difference between the data analysis of Research Question 1 and
Research Question 2 was the dependent variable: growth in math instead of growth in
science: What is the impact of two years of problem-based learning intervention and the
demographic variable of socio-economic status on growth in science process skills for
high potential and high ability elementary students? A 2 x 3 x 3 Mixed Method ANOVA
was run to analyze these data. Assumptions of independence, normality, and
homogeneity of variances were made (Shavelson, 1996).
Conclusion
Chapter 3 has described the methodology for the current study including
participants, measures, research design, procedures, and data analysis. For clarity‟s sake,
however, an additional discussion of the methodology of Project GEMS proved pertinent.
Grant goals, identification measures, the quasi-experimental research design, and the
procedures of Project GEMS were integral to this study.
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Chapter 4: Results
Introduction
The purpose of this study was to examine the impact of problem-based learning
(PBL), a strategy known to be effective with gifted children, on achievement growth in
math and science. There were three treatment groups: magnet program, target classes,
and control. Also important was exploring the effect PBL might have on
underrepresented populations in gifted education, specifically children from lower socioeconomic backgrounds based on the qualification for free and/or reduced lunch.
Two research questions guided the study: What is the impact of two years of
problem-based learning intervention and the demographic variable of socio-economic
status on growth in math achievement for high potential and high ability elementary
students? and What is the impact of two years of problem-based learning intervention and
the demographic variable of socio-economic status on growth in science process skills for
high potential and high ability elementary students? Chapter 4 first includes a discussion
of the descriptive statistics of the participants in the study. Then inferential statistical
results for each research question are presented. Note that Baseline refers to the data
gathered in Fall 2009. Year 1 references the data collected in Spring 2010 after one full
school year of PBL implementation while Year 2 refers to the data collected in Spring
2011, two full school years of PBL implementation.
Descriptive Statistics
Based on identification data gathered in Spring 2009, a total of 450 third, fourth,
and fifth graders from six elementary schools were selected to participate in Project
GEMS beginning in Fall 2009. Of that number, complete baseline data were collected on
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319 students. In Spring 2010, the number decreased to 286. By Spring 2011, complete
growth data were collected on 272 students. Of those, free and/or reduced lunch
information was available on 243 students. This decrease was, in part, due to children
opting out of one or more growth measures, students being absent on test and makeup test
days, and students moving out of the school or district. Multiple attempts were made to
complete testing. In total, 207 of the 450 students were lost from the study due to
transiency and other reasons over two years‟ time.
As delineated in Table 5, students selected to participate in Project GEMS had
diverse backgrounds with 38.5% eligible for free and/or reduced lunch, 13.4% from
ethnicities other than Caucasian, and 5.1% speaking languages other than English in their
homes.
Table 5
Averaged Demographic Percentages for Project GEMS Participants

2009-2011

F/RL

NW

ELL

GT

38.5

13.4

5.1

14.2

IEP/504

3.1

N

348

Note. F/RL = Free and/or Reduced Lunch; NW = Non-White; ELL = English Language
Learners; GT = Gifted and Talented; IEP/504 = Individual Education Plans or 504 Plans.

Results Related to Research Question 1: Math Achievement
Research Question 1 explored the impact of PBL learning in math growth for high
potential and high ability elementary students across three treatment groups (i.e., magnet
program, target classes, and control classes) over three assessment periods. It also
examined the role that socio-economic status played. Two versions of the TOMAGS
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were used to measure growth: TOMAGS Primary, a 39-problem assessment used with
the third graders in this study, and TOMAGS Intermediate, a 47-problem assessment
used with the fourth and fifth graders in this study. The two versions mirrored the
National Council of Teachers of Mathematics curriculum standards: TOMAGS Primary
incorporated K through Grade 4 curriculum standards while TOMAGS Intermediate
relied on K through Grade 4 plus the additional Grades 5 through 8 curriculum standards
(Ryser & Johnsen, 1998b). Data analysis in Project GEMS and this study did not
distinguish between the two versions. Granted, the blending of TOMAGS Primary and
Intermediate might have possibly affected the growth statistic outcome particularly from
Grade 3 to Grade 4 as the possible range increased eight points with additional questions
addressing the more challenging curriculum standards of the later grades. This possible
shortcoming seemed preferable to alternatives.
Descriptive statistics are found in Table 6. Review of mean scores suggested a
positive growth trend in math as the mean scores increased from Baseline in Fall 2009
(M = 22.08) to Year 2 in Spring 2011 (M = 29.70). Examination of the SD showed a
wider variation in scores in Year 2 than in Year 1 and a wider variation in the Baseline
compared to Year 1 (Spring 2010). Table 7 contains the descriptive statistics for the
TOMAGS according to treatment group and SES throughout the years of
implementation.
Figure 7 shows the interaction between growth over time, treatment group, and
SES based on the students‟ eligibility to pay for lunch.
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Table 6
Descriptive Statistics of TOMAGS for Years of Implementation

Year

Range

M

SD

N

Baseline

0 to 43

22.08

6.55

319

1

11 to 45

27.98

5.91

286

2

9 to 46

29.70

7.47

272

A 2 x 3 x 3 Mixed Method ANOVA was run to explore the impact of PBL in
mathematics instruction on growth in math achievement. Between group variables
included students who qualified for free and/or reduced lunch versus those who paid full
price and three treatment groups (i.e., magnet program, target classes, or control).
Assessment of the outcome variable over time was the within-group factor (i.e., DV).
Table 8 contains the ANOVA results regarding math growth. Only one withinsubject effect was significant. Math scores significantly increased over the years of
implementation from Baseline to Year 2: F (2, 237) = 298.93, p < .001, η2 = .56. Total
mean scores increased from the Baseline 22.48 to 29.95 in Year 2. Using the Bonferroni
adjustment, post hoc analyses were conducted to determine significant pairwise
differences. (See Table 9.) Significant differences were found in math growth between
Baseline and Year 1, Baseline and Year 2, and Year 1 and Year 2.
Examination of between-subjects effects (see Table 8) revealed significant
differences among the treatment groups‟ scores collapsed across time: F (2, 237) = 13.88,
p < .001, η2 = .11. Collapsed mean scores indicated that magnet program scores were
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Table 7
Descriptive Statistics of TOMAGS by Treatment Group and SES for Years of
Implementation

Year

F/RL

Treatment

FPL

Total

M (SD)

N

M (SD)

N

M (SD)

N

Baseline
Magnet

21.48 (5.87)

27

27.36 (6.25)

45

25.15 (6.71)

72

Target

21.78 (5.57)

32

22.72 (6.93)

67

22.41 (6.51)

99

Control

18.60 (5.64)

30

20.81 (5.57)

42

19.89 (5.67)

72

Total

20.62 (5.81)

89

23.55 (6.85)

154

22.48 (6.63)

243

Magnet

28.07 (6.34)

27

32.49 (5.21)

45

30.83 (6.01)

72

Target

27.50 (4.33)

32

27.75 (5.81)

67

27.67 (5.36)

99

Control

25.70 (4.63)

30

26.48 (6.18)

42

26.15 (5.56)

72

Total

27.07 (5.15)

89

28.79 (6.21)

154

28.16 (5.89)

243

Magnet

30.07 (6.06)

27

34.00 (6.60)

45

32.53 (6.64)

72

Target

29.44 (6.97)

32

30.90 (7.99)

67

30.42 (7.67)

99

Control

26.40 (6.60)

30

26.95 (7.34)

42

26.72 (7.00)

72

Total

28.61 (6.70)

89

30.73 (7.84)

154

29.95 (7.50)

243

1

2

Note. F/RL = free and/or reduced lunch. FPL = full price lunch.
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Figure 7. Math growth and SES demographic. Math growth for students paying full price
for lunch (left) and for students eligible for free and/or reduced lunch (right).
Table 8
ANOVA Results for Math Growth for Years of Implementation, Treatment Group, and
SES
η2

p

.56

.000

.42

.00

.655

29.22

1.40

.01

.238

2

18.10

.87

.01

.421

2337.52

2

1168.76

13.88*

.11

.000

SES

852.62

1

852.62

10.12*

.04

.002

T + SES

493.39

2

246.70

2.93

.02

.055

Effect

Factor

Within

Year (Y)

6232.02

2

Treatment (T)

17.69

2

8.85

SES

29.22

1

Y + T + SES

36.21

T

Between

SS

df

MS

F

6232.02 298.93*

highest (M = 28.91), target classes next highest (M = 26.68), and control groups next (M
= 24.16). Also significant were the differences between the two socio-economic groups‟
scores collapsed across the three assessment points: F (2, 237) = 10.12, p < .002, η2 = .04.
The mean score of students who paid full price for lunch (M= 27.69) was higher than
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Table 9
Post Hoc Comparisons of Math Growth for Years of Implementations

Year (I)
Baseline

1

2

Year (J)

Mean Difference (I-J)

SE

1

-5.87*

.33

2

-7.50*

.43

Baseline

5.87*

.33

2

-1.63*

.42

Baseline

7.50*

.43

1

1.63*

.42

Note. *p < .05.
those who qualified for free and/or reduced lunch (M= 25.43). Although the ANOVA did
not indicate a significant interaction between the treatment group and those on free and/or
reduced lunch collapsed across the three assessments [F (2, 237) = 2.93, p < .055, η2 =
.02], the interaction approached statistical significance (p =.055).
Post hoc analyses on differences in math scores collapsed across the three
assessment times for the three treatment groups were conducted using the Bonferroni
adjustment. Results in Table 10 indicated significantly different means between magnet
group and target group, target group and control, and control and magnet group.
Results Related to Research Question 2: Growth in Science Process Skills
Research Question 2 focused on science growth using scores on the DCT as
measurement. All DCTs were double scored each year of implementation. Interrater
reliability was high for all three assessment periods. For the 319 DCTs scored in
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Table 10
Post Hoc Comparisons of Math Growth for Treatment Group
Year (I)

Magnet

Target

Control

Year (J)

Mean Difference (I-J)

SE

Target

2.23*

.86

Control

4.76*

.90

Magnet

-2.23*

.86

Control

2.52*

.85

Magnet

-4.76*

.90

Target

-2.52*

.85

Note. *p < .05.
Fall 2009 as baseline data, there was high reliability between raters: r (317) = .97, p <
.001. Likewise, interrater reliability was high (r [291] = .95, p < .001) for 298 DCTs
scored for growth data in Spring 2010. The final science growth data collected for this
study in Spring 2011 (271 DCTs) mirrored previous interrater reliability: r (269) = .98,
p < .001.
Descriptive statistics for the DCT for the years of implementation are found in
Table 11. Inspection of the mean scores indicated an overall steady increase from
Baseline (Fall 2009) to Year 2 (Spring 2011). Possible DCT scores ranged from 0 to 21;
students in this study averaged 2.3 as a baseline, then progressed to an average of 4.2.
Examination of the SD showed a wider variation in scores in Year 2 than Baseline.
Descriptive statistics for the DCT according to treatment group and socio-economic
status throughout the years of implementation can be found in Table 12.
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Table 11
Descriptive Statistics of DCT for Years of Implementation

Year

Range

M

SD

N

Baseline

0 to 9

2.34

1.63

319

1

0 to 10

3.40

1.93

296

2

0 to 14.5

4.30

2.52

271

Note. DCT range = 0 to 21.
Figure 8 shows the interaction between growth in science process skills over time,
treatment group, and SES based on the students‟ eligibility to pay for lunch.
A 2 x 3 x 3 Mixed Method ANOVA was conducted to examine the impact of PBL
in science instruction on growth in science process skills for students from two socioeconomic backgrounds (i.e., those who qualified for free and/or reduced lunch and those
who did not qualify) participating in one of three treatment groups (i.e., magnet program,
target classes, or control) across three assessments from Baseline to Year 2. Two
between-group factors (i.e., treatment and SES) and one within-group factor (i.e., DV)
were examined.
ANOVA results in Table 13 indicated science process scores increased
significantly over the years of implementation (i.e., Baseline to Year 2) as the withinsubjects effect suggests: F (2, 239) = 136.27, p < .001, η2 = .36. Using the Bonferroni
adjustment, post hoc analyses were conducted. Results in Table 14 revealed a significant
difference in science growth between Baseline and Year 1, Baseline and Year 2, and Year
1 and Year 2.
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Table 12
Descriptive Statistics of DCT by Treatment Group and SES for Years of Implementation

Year

F/RL

Treatment

FPL

Total

M (SD)

N

M (SD)

N

M (SD)

N

Baseline
Magnet

2.38 (1.56)

26

3.03 (1.96)

45

2.80 (1.84)

71

Target

2.75 (1.99)

32

2.14 (1.54)

69

2.34 (1.71) 101

Control

2.20 (1.52)

28

2.01 (1.44)

45

2.08 (1.46)

Total

2.46 (1.72)

86

2.36 (1.69) 159

2.39 (1.70) 245

Magnet

4.37 (1.82)

26

4.43 (1.91)

45

4.41 (1.86)

Target

3.27 (2.06)

32

3.31 (1.91)

69

3.30 (1.95) 101

Control

2.34 (1.26)

28

2.66 (1.28)

45

2.53 (1.27)

Total

3.30 (1.92)

86

3.44 (1.87) 159

3.39 (1.89) 245

Magnet

6.27 (3.56)

26

4.47 (2.90)

45

5.13 (3.25)

Target

4.66 (1.69)

32

4.55 (1.85)

69

4.58 (1.79) 101

Control

2.88 (1.50)

28

3.06 (2.01)

45

2.99 (1.82)

Total

4.56 (2.70)

86

4.11 (2.32) 159

73

1
71

73

2

Note. F/RL = free and/or reduced lunch. FPL = full price lunch.
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Figure 8. Science growth and SES demographic. Science process skills growth for
students paying full price for lunch (left) and for students eligible for free and/or reduced
lunch (right).
Table 13
ANOVA Results for Science Process Growth for Years of Implementation, Treatment
Group, and SES

SS

df

MS

F

η2

p

Year (Y)

392.09

2

392.09

136.27*

.36

.000

Treatment (T)

59.08

2

29.54

10.27*

.08

.000

SES

7.65

1

7.65

2.66

.01

.104

Y + T + SES

48.57

2

24.29

8.44*

.07

.000

T

273.45

2

136.73

24.31*

.17

.000

SES

4.20

1

4.20

.75

.00

.388

T + SES

5.87

2

2.93

.52

.00

.594

Effect

Factor

Within

Between

ANOVA results in Table 13 also showed a significant interaction between
treatment group and growth over the three assessments (F [2, 239] = 10.27, p < .001, η2 =
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.08). This result revealed that changes over time were different within each treatment
group.
Table 14
Post Hoc Comparisons of Science Process Growth for Years of Implementations

Year (I)

Baseline

1

2

Year (J)

Mean Difference (I-J)

SE

1

-.98*

.13

2

-1.89*

.16

Baseline

.98*

.13

2

-.92*

.18

Baseline

1.89*

.16

3

.92*

.18

Note. *p < .05.
Post hoc analyses were conducted for the significant differences in the treatment
groups over time. Confidence intervals, in Table 15, indicated that the magnet program
means were greater at significance of .05 or less in two comparisons: Baseline [2.30,
3.11] and Year 1 [3.97, 4.83] and Baseline [2.30, 3.11] and Year 2 [4.18, 5.92]. Target
classes‟ mean scores were significantly different between Baseline [2.10, 2.80] and Year
1 [2.92, 3.66], Baseline [2.10, 2.80] and Year 2 [4.12, 5.08], and Year 1 [2.92, 3.66] and
Year 2 [4.12, 5.08]. For the control group, scores were not significantly different across
time.
A significant interaction in science process skills growth over time, socioeconomic status, and treatment was revealed by the ANOVA in Table 13 (F [2, 239] =
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8.44, p < .001, η2 = .07). This result indicated that the changes over time were different
by treatment level and by SES. Post hoc analyses were conducted for the significant
differences in growth over time by treatment level and by SES. For students who paid full
Table 15
Post Hoc Comparisons of Treatment Group for Years of Implementation

95% CI
Group

Year

M (SE)

Magnet

B

Target

Control

LL

UL

2.71 (.21)

2.30

3.11

1

4.40 (.22)

3.97

4.83

2

5.37 (.28)

4.81

5.92

B

2.45 (.18)

2.10

2.80

1

3.23 (.19)

2.92

3.66

2

4.60 (.24)

4.12

5.08

B

2.10 (.20)

1.71

2.50

1

2.50 (.21)

2.08

2.91

2

2.97 (.28)

2.42

3.51

Note. CI = Confidence interval; LL = lower limit, UL = upper limit; B = Baseline (Fall
2009); 1 = Year 1 (Spring 2010); 2 = Year 2 (Spring 2011).

price for lunch, confidence intervals revealed significance at the .05 level or less in mean
science scores within two treatments over most time periods as shown in Table 16. In the
magnet group, scores were significantly different between Baseline [2.54, 3.52] and Year
1 [3.92, 4.95] and between Baseline [2.54, 3.52] and Year 2 [3.80, 5.14]. For higher
income students participating in the target classes, scores were significantly different in
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all three pairings: Baseline [1.75, 2.54] and Year 1 [2.90, 3.73], Baseline [1.75, 2.54] and
Year 2 [4.01, 5.09], and Year 1 [2.90, 3.73] and Year 2 [4.01, 5.09].

Table 16
Post Hoc Comparisons of Treatment Group for Years of Implementation for High SES
Students

95% CI
Group

Year

M (SE)

Magnet

B

Target

Control

LL

UL

3.03 (.25)

2.54

3.52

1

4.43 (.26)

3.92

4.95

2

4.47 (.34)

3.80

5.14

B

2.15 (.20)

1.75

2.54

1

3.31 (.21)

2.90

3.73

2

4.55 (.28)

4.01

5.09

B

2.01 (.25)

1.52

2.50

1

2.66 (.26)

2.14

3.17

2

3.06 (.34)

2.39

3.73

Note. CI = Confidence interval; LL = lower limit, UL = upper limit; B = Baseline (Fall
2009); 1 = Year 1 (Spring 2010); 2 = Year 2 (Spring 2011).

Table 17 delineates similar results for students who were eligible for free and/or
reduced lunch. Significant differences were found in two treatment groups across four
time spans. For lower income students in the magnet group, science process mean scores
were significantly different in all combinations: Baseline [1.74, 3.03] and Year 1 [3.69,
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5.04], Baseline [1.74, 3.03] and Year 2 [5.39, 7.15], and Year 1 [3.69, 5.04] and Year 2
[5.39, 7.15]. For low SES students participating in target classes, scores were
significantly different between Baseline [2.17, 3.33] and Year 2 [3.86, 5.45]. There were
no significant interactions for students of any socio-economic level in control groups
across time. As Figure 8 reflects, while target and control groups‟ trends were similar for
both SES groups across the years of implementation, low SES students in the magnet
group had significant growth from Year 1 to 2 while those who paid full price for lunch
plateau.
Table 17
Post Hoc Comparisons of Treatment Group for Years of Implementation for Low SES
Students

95% CI
Group

Year

M (SE)

Magnet

B

Target

Control

LL

UL

2.38 (.33)

1.74

3.03

1

4.37 (.35)

3.69

5.04

2

6.27 (.45)

5.39

7.15

B

2.75 (.30)

2.17

3.33

1

3.27 (.31)

2.65

3.88

2

4.66 (.40)

3.86

5.45

B

2.20 (.32)

1.58

2.82

1

2.34 (.33)

1.69

2.99

2

2.88 (.43)

2.03

3.73

Note. CI = Confidence interval; LL = lower limit, UL = upper limit; B = Baseline (Fall
2009); 1 = Year 1 (Spring 2010); 2 = Year 2 (Spring 2011).
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Examination of between-subjects effects in Table 13 revealed significant
differences among the treatment groups‟ scores collapsed across time (F [2, 239] = 24.31,
p < .001, η2 = .17). Post hoc analyses on science process growth based on treatment
group were conducted using the Bonferroni adjustment. Results in Table 18 indicated
significantly different means between magnet group and target group, target group and
control, and magnet and control group. Magnet program collapsed mean scores were
highest (M = 4.16), followed by target classes collapsed means (M = 3.45), with control
groups last (M = 2.5).
Table 18
Post Hoc Comparisons of Science Process Growth Between Treatment Groups
Year (I)

Magnet

Target

Control

Year (J)

Mean Difference (I-J)

SE

Target

.71*

.22

Control

1.64*

.24

Magnet

-.71*

.22

Control

.92*

.22

Baseline

-1.64*

.24

Target

-.92*

.22

Note. *p < .05.
Conclusion
Two 2 x 3 x 3 Mixed Methods ANOVAs with post hoc comparisons were
conducted to address the following research questions:
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Research Question 1: What is the impact of two years of problem-based learning
intervention and the demographic variable of socio-economic status on growth in math
achievement for high potential and high ability elementary students?
Research Question 2: What is the impact of two years of problem-based learning
intervention and the demographic variable of socio-economic status on growth in science
process skills for high potential and high ability elementary students?
ANOVA results for RQ 1 indicated significant math growth for magnet, target,
and control groups from the Baseline to Year 1 and Year 1 to Year 2. A significant
difference was also found among treatment groups. Magnet groups had the greatest
growth with an increase of 2.33 in mean score, target groups had the next with an
increase in mean scores of 2.24, and the control group‟s increase was .90.
Regarding RQ 2, results of the ANOVA suggested significant growth in science
process skills over time for all treatment groups. Results also indicated a significant
difference among treatment groups with students in the magnet program treatment group
showing the most growth in science skills, those in the target class treatment group
showing the next greatest amount, and those in the control group showing the least. A
significant interaction of growth, SES, and treatment group over time indicated that the
changes over time were different by treatment level and by SES; low SES students in the
magnet treatment demonstrated the most growth across three assessment points.
Implications of these results and the results from RQ 1 will be discussed in Chapter 5.
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Chapter 5: Discussion
Discussion of Findings
This study explored the effect of PBL instruction for three treatment groups on
math achievement and growth in science process skills of elementary children across two
years of implementation. The demographic of SES was also analyzed. The study
produced several significant findings worthy of discussion.
Math achievement.
Research Question 1 asked the following: What is the impact of two years of
problem-based learning intervention and the demographic variable of socio-economic
status on growth in math achievement for high potential and high ability elementary
students? Results revealed that math scores increased significantly over the years of PBL
implementation collapsed across the three groups. Significant increases were found
between Baseline and Year 1, Baseline and Year 2, and Year 1 and Year 2. According to
effect size measures, time affected math growth more than other variables (η2 = .56).
Collapsed mean scores for the magnet group were significantly higher than the target
classes (M = 28.91, M = 26.68 respectively.) Moreover, target classes‟ collapsed mean
scores were significantly higher than the control groups‟ collapsed mean scores (M =
24.16). The fact that there were significant differences among the treatment groups‟
scores collapsed over time might suggest that PBL played some role in the increases, but
that would be speculation since there was not a significant interaction between group by
time (p = .655). The groups might have been different at the beginning of the study and
simply stayed different. Since all scores increased from Baseline to Year 2, including
control schools, other factors might have come into play. Maturation could be partially
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responsible for growth, or maybe the growth for all groups could be attributed to the
traditional math texts used in between the PBL units. However, if PBL did affect math
growth in the magnet and target classes, then other factors had to increase math
achievement in the control classes.
One main reason control schools gained significantly in math achievement could
be their extensive professional development in math. Both schools participated in Math
Alliance (Green River Regional Educational Cooperative, 2008), a multiyear grant that
focused on improved math achievement for students by increasing teacher knowledge of
math concepts and skills and effective teaching strategies. Both schools were also part of
the Math and Technology Leadership Academy (MTLA), a three-year grant that focused
specifically on in-depth coursework and professional development in math and
technology (“Toyota USA,” 2010). One of the control schools was additionally involved
in another math initiative, the Mathematics Achievement Fund Grant: Number Works,
designed by the Kentucky Department of Education (2010) for struggling primary math
students; the emphasis was teacher training and math diagnostic assessments and
interventions. In total, individual teachers in both schools devoted over 400 hours to
professional development in math over the two years. In contrast, the two target classtreatment schools devoted a total of 15 hours of math professional development for third,
fourth, fifth, and sixth grade teachers in addition to Project GEMS training. Individual
math teachers in Grades 3, 4, 5, and 6 in the magnet-treatment schools participated in a
combined total of 24 hours of professional development in math over and above Project
GEMS training. Both schools also participated in MTLA and Math Alliance. Ideally,
control schools would maintain traditional curricula during the course of the study. In
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reality, however, the schools are filled with individual students each deserving the best
methods and resources available. Efficiency of PBL professional development is critical
here. Teachers in all four treatment schools participated in substantially less professional
development than the control schools. In spite of the reduced time, the PBL schools saw
significant gains in math achievement. This growth suggested robust efficiency of PBL
professional development.
Comparison to similar study.
The study (Gavin et al., 2009) that most closely resembled the current one
addressed the impact of PBL math instruction on mathematically promising students in
Grades 3, 4, and 5. Both studies were multiyear with Gavin et al. (2009) examining four
years of data and the current study looking at two. Both used M3 curriculum, and both
included multiple treatments. Gavin et al. included two treatment groups (for sake of
replication) and a control while the current study actually had two different treatment
groups (i.e., magnet and target classes) and a control. While the current study used
TOMAGS, the other study used ITBS math scores and open-ended responses. Gavin et
al. found that ITBS scores in all three grades in both experimental groups increased
significantly compared to the control. Effect sizes were small to medium (η2 = .02; η2 =
.08). The current study also found significant differences among the treatment groups‟
scores collapsed over time with a medium effect size (η2 = .11), yet that included the
control group. Both studies reported significantly increased scores in math achievement,
although Gavin et al. directly related it to PBL treatment while the current study can only
suggest that PBL played a role.
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Science process skills growth.
Research Question 2 focused on science process skills: What is the impact of two
years of problem-based learning intervention and the demographic variable of socioeconomic status on growth in science process skills for high potential and high ability
elementary students? Results indicated that science process skills increased significantly
over the years of implementation. Significant increases were found between Baseline and
Year 1, Baseline and Year 2, and Year 1 and Year 2. In fact, according to effect size
measures, time affected growth in science process skills more than other variables (η2 =
.36).
More importantly, analysis of data revealed a significant interaction between
treatment group and growth over the years of implementation. Changes over time
differed within treatment groups. Specifically, there were significant differences between
Baseline and Year 1 and Baseline and Year 2 for the magnet groups. Target classes had
significant differences between Baseline and Year 1, Baseline and Year 2, and Year 1 and
Year 2. However, there were no significant differences in mean scores for the control
group over time. The fact that only the two groups receiving some form of PBL treatment
in science instruction had significantly increased scores from Baseline to Year 2 not only
revealed that the treatments had a positive effect on the growth of science process skills,
but it also suggested the importance of sustained implementation of the treatment. PBL in
science process skills was an effective treatment, especially when implemented for
multiple years.
Results also indicated a significant interaction in growth in science process skills
for SES, time, and treatment. Changes over time differed significantly by treatment and
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SES. A most interesting finding was the lack of significant growth for the students who
paid full price for lunch in the magnet treatment the second year of the study. In spite of
significant growth between Baseline and Year 1 (M = 3.03 to M = 4.43), students who
paid full price for lunch in the magnet group almost leveled out between Year 1 and Year
2 (M = 4.43 to M = 4.47). In contrast, lower SES students made significant gains each
year in the magnet program (Baseline M = 2.38, Year 1 M = 4.37, Year 2 M = 6.27).
What could have caused the students who paid full price for lunch to stagnate in
their growth after the first year in the magnet program when the students who qualified
for free and/or reduced lunch experienced significant growth? Perhaps the idea of
attending a magnet program was a novel one for the higher SES students since magnet
programs had never been an option before, yet, after the first year, the novelty wore off.
Students may have realized that it was school in a different format. Students who paid
full price for lunch came from families of greater economic means, perhaps resulting in
more out-of-school learning opportunities in science including internet and cable
resources at home, ample materials to conduct experiments, and even science-related
family outings. Students who qualified for free and/or reduced lunch may not have had
such opportunities outside of the magnet program; therefore, motivation for engagement
might have been stronger for children from lower SES. For students of lower SES, the
magnet experience itself might have played a role in the significant growth: the prestige
of being selected to go to a special school; forming a relationship with teachers devoted
to math and science; doing numerous hands-on, minds-on experiments and activities;
going on field trips, etc. Qualitative studies could address some of these possibilities.
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Another important result was that students who qualified for free and/or reduced
lunch had significant gains with some form of PBL instruction whether that was in the
magnet program or in the target classes. Lower SES students in target classes saw
significant gains from Baseline to Year 2 (M = 2.75 to M = 4.66). Although the Baseline
target class mean was higher than the Baseline magnet program mean (M = 2.75, M =
2.38 respectively), the growth by Year 2 was not as robust; the mean score for target
students was 4.66 while the mean score for magnet students was 6.27. Students who
qualified for free and/or reduced lunch experienced substantial growth throughout the
study, but the fact that growth was only significant in the target classes when given two
years implementation suggests the importance of sustained treatment.
Comparison to similar studies.
The significant growth in science process skills found for both treatment groups
echoed similar findings of PBL‟s effect on science achievement at the secondary level
(e.g., Tarhan & Acar, 2007). A case in point, in a study conducted with tenth graders,
Sungar et al. (2006) found significantly increased achievement in science content and
performance for those participating in the PBL treatment group: F (1, 57) = 69.19; p
=.000, η2 = .55 and F (1, 57) = 18.75; p =.000, η2 = .25 respectively. Their PBL treatment
group significantly outscored their control with high effect sizes just as the current study
found significant differences between the experimental (both magnet and target class
groups) and control groups (F = 24.31; p < .001) with a moderate effect size (η2 = .17)
although not quite as high as the effect size in the Sungar et al. study. These outcomes
reflected those found with middle grade students. Wong and Day (2009) studied the
effect of PBL on both long-term and short-term science achievement with middle grade
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students in Hong Kong. Although results were similar for both the PBL and traditionally
taught students in short-term achievement, students in the treatment group sustained the
achievement significantly longer than the control. Unlike the current study, Wong and
Day also looked at science content attainment using Bloom‟s (1956) taxonomy of
cognitive ability, finding treatment students significantly improving in using higher-order
thinking compared to control.
A study conducted by Nowak (2007) with middle school students who were
gifted had opposing outcomes to the current study in regard to growth in science process
skills, but it is important to note that his study approached the viability of PBL instruction
in the current high stakes accountability environment. A high stakes accountability
system does not assess the two strengths of PBL: science process and product. So it is
important to note that his study focused on fact acquisition only, not science process
skills. In an astronomy unit, the 65-question pretest/posttest showed a statistically
significant interaction between the measure and group membership (F [2, 64] = 36.68;
p>.001) with a high effect size (η2 = .53). He argued that traditionally taught students
outperformed their PBL counterparts in science fact acquisition. However, PBL students
did have a slightly better (albeit insignificant) retention rate. Nowak ultimately argued for
a blended curriculum, noting the importance of science inquiry in the 21st century.
The current study also supported Drake and Long‟s (2009) findings focusing on
the effect of PBL science instruction on elementary at-risk students. Although their study
had a much smaller number (N = 33 for treatment and control combined) that were
heterogeneously grouped and comprised a greater percentage of low income children
(80% qualifying for free and/or reduced lunch compared to this study‟s 38.5%), they, too,
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found that PBL instruction in science resulted in significant content attainment when
compared to traditional instruction.
The previous PBL science study most reflective of the current one produced
similar results (VanTassel-Baska et al., 1998). Both studies explored the effectiveness of
PBL science curriculum with high ability students in elementary school. VanTasselBaska et al. (1998) looked at students in Grades 4, 5, and 6 while the current study‟s
participants were in Grades 3, 4, and 5 at the beginning of the two-year study. Both used
PBL curriculum created by William & Mary, and both measured growth in science
process skills with the DCT. However, VanTassel-Baska and her associates had two
groups (i.e, treatment and control) compared to this study‟s three (i.e., magnet, target, and
control). Treatment groups for VanTassel-Baska et al. consisted of myriad grouping
situations from self-contained gifted classrooms to pull out without distinguishing
grouping type, while the current study deliberately delineated the treatment groups. Also,
their study used the DCT as pretest and posttest for a single unit whereas the current
study analyzed the impact of two years of PBL science instruction using the DCT for
baseline and growth at the end of each school year. Because of the varying
methodologies of the two studies, only one variable could be compared with confidence:
growth in science skills as measured by the DCT pre-PBL treatment and post-PBL
treatment. VanTassel-Baska et al. found significant differences between the experimental
and control groups (F = 32.86; p < .001) with a high effect size (η2 = .29). The current
study also found significant differences between the experimental (both magnet and
target class groups) and control groups (F = 24.31; p < .001) with a moderate effect size
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(η2 = .17). Both studies revealed that PBL instruction in science process skills is an
effective treatment for elementary children of high ability, including those with low SES.
Implications
Grouping.
The results of this study have several implications. The first is that the results
reflect the findings of the meta-analyses on grouping related to achievement conducted in
the 1990s (Delcourt et al., 1994; Kulik & Kulik, 1992; Rogers, 1991). For example,
Kulik and Kulik (1992) found higher overall achievement for students grouped in
enriched classes (a parallel to this study‟s magnet group) and multi-level classes (equal to
target classes). The effect size for the enriched classes was medium (.41) and small for
multi-level classes (.10). The current study also revealed significant achievement in math
and science over time with medium effect sizes (.56 and .36 respectively). These effect
sizes mirrored the meta-analyses of Rogers (1991) who found increased achievement for
gifted students grouped in Enriched Classes Ability Grouped (this study‟s target classes)
and Separate Classes for the Gifted (equated to magnet group) with an effect size of .33
for both. Based on findings of the meta-analyses and this study, high ability or gifted
students who are grouped in target classes or magnet programming have significantly
increased achievement over high ability or gifted students who are not grouped (albeit for
science only in the current study). Such results should be taken under consideration by
school personnel.
This study also confirmed one of the lessons Rogers (2007) drew from her
synthesis of gifted education literature of the past 145 years. She argued that gifted
students need daily challenge that includes some sort of grouping; in fact, Rogers
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emphasized the importance of grouping for more than just an hour or two a week. The
success of grouping was evidenced in the current study. Students participating in PBL
treatments had significantly increased scores in science process skills when compared to
the control group with those in magnet program seeing the greatest gain. Magnet
grouping afforded a weekly block of time of at least five hours in duration. School
personnel should consider this outcome when making scheduling and grouping decisions
for gifted and high ability students.
PBL.
Another important implication of this study involved PBL as an effective
instructional strategy for high ability and gifted children. Results showed significant
differences among treatment groups across time for both math achievement and science
process skills. PBL in science instruction showed significant gains in science process
skills for both treatment groups when compared to the control with a moderate effect size
(η2 = .17). Students with the greatest exposure to PBL (i.e., magnet groups) had
significantly higher scores collapsed across time in math and science compared to the
target classes who had less exposure to PBL (Math M = 28.91, M = 26.68 respectively;
Science M = 4.16, M = 3.45 respectively). Control classes had the lowest mean in math
(M = 24.16) and science (M = 2.50). These findings mirrored others that found
significant differences in achievement through PBL (Albanese & Mitchell, 1993; Dods,
1997; Nowak, 2007; Walker & Leary, 2009). PBL should be considered by school
personnel as an effective instructional strategy for high potential or high ability
populations.
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Another lesson Rogers (2007) advocated stemming from her review of literature
was the importance of students learning from each other and socializing with others like
themselves. This concept can be traced to the roots of constructivist learning where
Dewey (1938) emphasized the social aspect of learning. Savery and Duffy (1995) listed
social negotiation of learning as a basic proposition of constructivist learning. The social
aspect is critical to PBL as Hmelo-Silver (2004) described one of PBL‟s goals was for
students to be effective collaborators. Magnet program students and students in the target
classes in the current study certainly embraced the social aspect of learning as they
participated in PBL instruction. For example, PBL strategies such as talk moves
encouraged interaction and discourse. Although no qualitative or quantitative data exist to
support the extent of the social learning, measures were taken to ensure fidelity of
treatment. The findings that did exist supported PBL as an effective learning strategy for
high ability children.
SES: Grouping and PBL.
Another implication of this study was that high potential and high ability students,
regardless of SES background, experienced significant growth in science and math using
PBL, again emphasizing the potential role that PBL can play in school curricula.
However, for those from low SES backgrounds, sustained implementation was an
important factor. Significant interactions of treatment, time, and SES existed in science,
with those qualifying for free and/or reduced lunch seeing significant increases each year
when in the magnet group (with weekly PBL instruction in addition to the units taught in
the target classes) and only seeing significant increases from Baseline to Year 2 when in
the target classes. When the treatment was more frequent, so were the gains. The less
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frequent treatment took a longer period of time to see significant gains. School personnel
should consider the frequency and longevity of the treatment when implementing PBL.
Project GEMS.
This current study focused on one aspect of Project GEMS, yet the 5-year long
Project GEMS is a multifaceted endeavor. Once completed, the results of that study
should have implications on various aspects of gifted education, including an
identification protocol for high ability students in math and science specifically those
from underrepresented populations, effective math and science curricula for gifted or
high ability students, the importance of pre- and post-testing, best practice for
professional development in both identifying and serving gifted students, effective
grouping practices for high ability children, and the parental role in identifying and
nurturing talent.
Acknowledgement of Limitations
Many of the limitations of the current study stemmed from the fact it was quasiexperimental in design and applied field research. For example, there was no random
sample; the superintendent selected schools he felt would be a good match that had the
prerequisite free and/or reduced lunch percentages and varied demographics. Since other
unknown factors perhaps went into the decision making, one could question the role that
school leadership played in the implementation of the grant. Another limitation linked to
design dealt with control schools‟ professional development and curricula. Controls
agreed to not use the William & Mary science units or M3 math units, and they also
agreed not to train in PBL. However, both control schools participated in two or more
math grants. In a true experimental design, the control schools would have maintained
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their current curriculum and strategies. One might ask how that training and inclusion of
materials factored into the scores.
A critical limitation of the study dealt with the shrinking N, another realistic
component of educational research. Although initially identification data were gathered
on approximately 2000 second through fifth graders in the six schools, once students
were identified, tested for baseline data, and participated in two full years of
implementation, the N dropped considerably to fewer than 300. The N shrank for a
variety of reasons from absenteeism on the days of testing and makeup days to relocation
to other schools, districts, and states. The declining number was not unexpected due to
the transiency of families with lower socio-economic backgrounds. According to the U.S.
Census Bureau (2011), people from poverty are much more likely to relocate than those
above the poverty line. Almost a quarter of Americans below the poverty line moved in
2010. Perhaps this was one factor contributing to the loss of students in the current study
since all six schools had over 50% of their student population eligible for free and/or
reduced lunch. Another limitation dealt with the inconsistency of filling in the gaps. A
strict protocol was in place that involved using identification measures every spring with
all second through fifth graders in each of the six schools to create a new listing of top 25
students. This protocol would give students new to the schools a chance to participate. At
the beginning of the school year in the fall, gaps in the top 15 and top 25 would be filled
in with the highest ranking replacement students. So, in theory, each target class would
have the top 25 students in the class, but this was not always the case. Some schools
chose to add more students to the class such as high ability students who moved in over
the summer who missed spring identification measures. Often these students would
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appear on the top 25 list the next year. Sometimes, however, schools added other students
due to logistics such as student-teacher ratio or other reasons deemed pertinent by
administration. An Error variable was created in SPSS to address such instances as a
child ranked 57th who was placed into the target class per administrative decision.
Although multiple measures were taken to help ensure fidelity of treatment,
including observations, mentoring, and coaching, some target teachers were more true to
implementation than others. Changes in teachers, principals, and elementary curriculum
coordinators (ECCs) could have also affected outcomes. New teachers needed initial
training each year while other teachers had two full years of professional development
experience. Two of the six schools had principal changes, and two of the six had ECCs
replaced. In one, however, the ECC became principal, so no retraining was necessary.
Another benefit to the restructuring was that one of the ECCs retired after being fully
trained; she was later hired to be the outside observer.
A final limitation dealt with generalizability. Results can be generalized with
confidence to children with high ability, high potential, or giftedness in science and/or
math who are in the third through sixth grades who receive PBL instruction in science or
math in target classes or magnet programs. They cannot be generalized to other students
such as kindergartners or middle schoolers. Results also could not be generalized with
confidence to PBL instruction in all content areas nor could they be applied directly to
other programming options such as pull out or cluster grouping.
Recommendations for Future Research
Although the current study yielded important results, future research is indicated.
Given the messiness of applied field research, the results of additional studies using a
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similar research design, treatment, methods, and participants could be compared to this
study‟s results to determine replicability. Slight variations of elements such as
incorporating participants from urban schools or using PBL in other content areas would
redefine parameters of the findings perhaps strengthening generalizability to other
populations, content areas, etc.
Longitudinal, demographic, and growth data gathered for Project GEMS could
provide the bases for numerous studies. For example, this study examined growth in
science process skills and math achievement; a similar study could be replicated focusing
on thinking skills using the TCT data in lieu of DCT and TOMAGS. This study also
focused on socio-economic status. Other demographics (i.e., gender, ethnicity, English
Language Learner status, gifted and talented selection, or special education identification
including 504 Plans) could be analyzed under the same parameters of this study. Those
same data could also be examined through the lens of thinking skills growth. One
interesting approach would be to explore the growth of science process skills in students
formally identified as gifted in science or explore math achievement in students formally
identified as gifted in math across treatment group and across years of implementation.
Data were collected for Primary Talent Pool (PTP) students (who are in Grade 3) and
formally identified gifted students in Grades 4 and 5 in the areas of general intellectual
ability, specific academic aptitude in math and science, and creativity. Analyses of any
one of these demographics or combination of them could shed light on teaching strategies
for the gifted. One could even examine the impact of PBL on the percentage of PTP
students who are formally identified in math, science, or general intellectual ability their
fourth grade year as compared to students who did not receive PBL instruction.
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One variable categorized student identification and participation. Participants
were listed as one of four descriptors: Top 1 to 15; Top 16 to 25; Not in Top 25 List; or
Not in PBL Class, but in Top 25 List. As discussed in the limitations, not all schools
consistently adhered to target class selection data. A plethora of questions could be
explored: What growth did students have in science process skills, math achievement, or
thinking skills who were identified in the top 25 of the class but who did not participate
in PBL instruction? How did this compare to the same group of students who did receive
PBL instruction? How did that demographic compare across treatment levels? What
growth did students have in science process skills, math achievement, or thinking skills
who were not identified in the top 25 of the class but who did participate in PBL
instruction? How did this compare to the students not identified in the top 25 who did not
receive PBL instruction? Did that change over treatment group?
Another intriguing potential study stemming from this variable focuses on the
magnet treatment group only. Out of the 25 students in a grade, one day a week 15 of
those students left the classroom to attend the magnet program. The remaining ten
students spent the day with their teacher who had been trained in PBL. A qualitative
study focusing on those ten remaining students examining motivation, self-efficacy, or
even self-esteem would prove interesting. How did they feel about themselves knowing
that they were bright but not bright enough to be eligible for the GEMS Academy – a
place where students went on two field trips a year; a place where students created
compost piles and handmade paper; a place where students had access to their own
computers, and teachers used technology extensively in instruction? Conversely, the
remaining ten students experienced long periods of time with their teacher, potentially
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developing rich, personal relationships, and engaging in PBL. They had time to complete
work which impacted the amount of homework. What impact did those conditions have
on their view of self, school, or learning? Another approach would be to compare the
growth of these students with the students in target classes in Treatment 2 schools. Both
received PBL instruction without attending the magnet school. The difference was that
students in the magnet treatment group shared their classroom four days a week with
students who attended the GEMS Academy. Did this make a difference? In essence, then,
there were actually four treatment groups in Project GEMS: students who attended the
GEMS academy and received PBL instruction in their regular math and science
classrooms, students who received PBL in math and science and shared those math and
science classrooms with students who attended the magnet program, students who
received PBL instruction in their math and science classrooms, and students who
received non-PBL instruction in math and science.
One could even look at the impact of teacher fidelity of treatment on student
growth. Observations were completed on each participating teacher (including those at
the GEMS Academy) according to tenets of PBL instruction in math and science.
Interrater reliability could be determined between the school administrator and the
outside observer. If reliability were high, then a study could be conducted correlating
student growth via TOMAGS, DCT, and TCT and pretests and posttests on individual
units with teacher implementation of PBL.
Another interesting approach would be a comparison of Project GEMS‟ growth
outcomes with state accountability data. For example, one might look at the percentage of
Project GEMS students by treatment group who scored Distinguished in math and/or
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science on state assessments. Comparisons could be made over longitudinal growth,
perhaps indicating the effect of PBL learning in science and math on state assessments
over time. Some participating schools also used the Group Mathematics Assessment and
Diagnostic Evaluation (GMADE; Williams, 2004). Data from both could be analyzed to
examine possible effect of PBL on GMADE scores or possible correlation.
Conclusion
In spite of the study‟s limitations, the overall findings support the use of PBL in
science instruction for high potential and high ability elementary students since students
in both PBL treatment groups experienced significantly more growth in science process
skills than students in the control schools. Moreover, significant growth from Baseline to
Year 2 for these students suggested that sustained implementation is desirable. PBL is an
effective instructional method in science process skills for this population. PBL may be
an effective instructional method in math as well. Both PBL treatment groups
experienced significant growth in math achievement, but so did the control schools. Due
to the control schools‟ participation in two or more non-PBL grants during this two-year
period, the control schools‟ teachers had substantial professional development in math;
therefore, significant growth in math achievement was not unexpected. However, in spite
of the fact that teachers in the PBL treatment groups had less professional development
hours, these students achieved significant growth in math as well. The efficiency of PBL
professional development is evident.
Given the critical educational and economic situation the United States is in
globally, legislators, business leaders, and educators should be doing everything possible
to make the U.S. economically, educationally, and technologically competitive. One
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route to take is incorporating effective strategies and curricula in schools for all students.
PBL is one such strategy certainly as far as science process skills and math achievement
are concerned. Although PBL involves cost for professional development and resources,
it is money well spent. Effective grouping strategies – a virtually cost-free approach – can
magnify academic gains as much as one-third year‟s growth to three-fifths year‟s growth
for gifted children and children of high ability (Rogers, 2007). Coupling effective
grouping with effective strategies such as PBL is a win for everyone – the students, the
schools, and the country.
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Appendix B. Fidelity of Treatment Forms
PROJECT GEMS 2010-2011 SCIENCE OBSERVATION FORM
Teacher _________________________ School ____________ Grade _____ Date and Time ________
Observer _______________________________ Lesson ____________________________________
Teacher Behavior
Problem Solving Strategies:
Engaged students in
problem identification
and definition

Engaged students in
solution-finding
activities and
comprehensive
solution articulation
Critical Thinking Strategies:
Encouraged students
to judge or evaluate
situations, problems,
or issues
Creative Thinking Strategies:
Solicited many diverse
thoughts about issues
or ideas
Provided
opportunities for
students to develop
and elaborate on their
ideas
Research Strategies:
Asked questions to
assist students in
making inferences
from data and drawing
conclusions
3
2
1
Comments:

Observable Evidence

Tally

Asked students to identify the central problem of an issue or
experiment using proof from relevant content, data sets,
concepts, or theories.
Asked questions such as “What is the central problem and how
do you know?”
Required students to develop and use specific criteria to come
up with a solution to a problem.
Asked questions such as “How might you find out…?”
Asked students to apply criteria or analyze materials,
observations, or experiments to find a solution to a given
problem
Asked questions about assumptions of an observed
phenomenon
Asked questions about the implications or consequences of a
problem
Asked questions such as “Did anyone have a different idea or
solution?” or “How else would we think about this question?”
or “Did anyone find, observe, or classify something different?”
Encouraged students to provide varied ideas or scenarios
Allowed time for students to write or discuss extended
responses to prove their findings or ideas about a problem,
experiment, set of data, or observation
Asked students to clarify their thinking
Asked “why” students thought as they did

Required answers to questions such as “What are your
findings?” and “Why do you think…?”
Asked students to write conclusions to an experiment,
observation or data set

Correctly utilizes most or all problem-based learning strategies
Progressing, but incorrectly uses some problem-based learning strategies, doesn’t use a
significant number of strategies, and/or uses strategies intermittently
Incorrectly uses or doesn’t use problem-based learning strategies

146

Project GEMS Unit Posttest for Science 3rd
School _______________________________________

Date ___________________

Teacher _____________________________________

Grade _________________

Student Name (Last, first)

TOTAL scoreChange Concept
____/20

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
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TOTAL scoreScientific
Process
____/17

148

